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THE ROLE OF CONTEXT IN ASSOCIATIVE FORMATION! 


By G. L. Freeman, Cornell University 

The ingenious use of nonsense syllables in the study of associ- 
ative formations is generally recognized as one of the outstanding 
advances in the history of experimental psychology. At the same 
time, many of the investigations employing this material have 
implied a doctrine of the mechanics of association which meets 
with little support at the present time. It is unfortunate that the 
method should fall into disrepute solely because of old presupposi- 
tions. It is now generally recognized that the ‘meaningless’ char- 
acter of nonsense syllables is only relative and that the assimila- 
tion of them in series always ushers in some sort of contextual 
setting ;? but this knowledge warrants neither the discarding of the 
method itself nor the neglect of the results obtained by its use. 
It is possible that the material may still be of great value in the 
study and control of the very factor originally assumed to have 
been ruled out, namely, context. 

In this research we have been interested in adapting nonsense 
syllables to the study of the contextual factors operative in associ- 
ative formation. Our material has been arranged to suggest a 
variety of such contexts. Other factors have been kept as con- 
stant as possible in an effort to compare the efficacy of the several 
modes of organization employed. Our observers’ commentary 


*Accepted for publication June 1, 1929. 

1From the Psychological Laboratory of Cornell University. The research 
was directed by Professor Bentley. 

*The assumption of most experimenters who utilize nonsense material is 
that the ‘syllables’ are the ‘stimuli’ fed into the organism which assume a 
context through assimilation. The actual stimuli are simply patterns of ocular 
excitation, not syllables. The apprehension of syllables precedes, or goes along 
with, their integration into new and larger units. 
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174 FREEMAN 
furnishes new and valuable information upon the psychological 
functions involved. 


Associative formation has suggested a number of promising 
problems in functional performance. In this study we have 
mainly considered the four most important of these problems 
which have greatly influenced both our general plan of experi- 
mentation and our specific procedures. These problems are as 
follows. 

(1) The conditions of associative formation. It is generally 
agreed that our knowledge of the way in which items suffer in- 
tegration must come through a study of their conditions. Ebbing- 
haus seemed to have suggested the ideal method for this purpose. 
But in the experimental application of his method, the organic 
factors involved were seriously neglected. Such factors as repeti- 
tion, contiguity, and length of series received unnatural emphasis 
as ‘conditions,’ while the secondary operations or devices used in 
the formation of associated complexes were ignored and subordi- 
nated. The view of association as organization places emphasis 
upon the neglected organic factors.* Contiguity in space and in 
time is a ‘condition’ only in so far as it determines organization. 
Repetition does not result in the mechanical building up of ‘bonds’ 
but aids rather in solidifying functional totalities and organized 
performances. 

According to a view of traditional associationism, the organism 
was regarded as passively receptive to all incoming energies.‘ All 
that was necessary, therefore, for the association of objects, ideas, 
and events was their contiguity in time. But this view fails to 
account for the fact that only certain of the events occurring in 
the same physical proximity are selected for integration. This 
selection is made by an active organism and is determined by 
instruction. Contiguous events will serve to initiate the organic 
functions of integration only when their arrangement serves as an 
occasional instruction. 


The alleged importance of repetition dates properly from the early re- 
searches of Ebbinghaus and Miiller. In reality, frequent repetition was neces- 


For a treatment of association as organization see M. Bentley, The Field of 
Psychology, 1927. Cf. also W. Kéhler, Gestalt Psychology, 1928. 

4Excellent summaries of the writings of the English School will be found in 
H. C. Warren, A History of Association Psychology, 1920; and G. Murphy, 
An Historical Introduction to Modern Psychology, 1928, 13-30, 106-112. 
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sary in these studies simply because the choice and arrangement of material 
tended to limit the organism to new and untried modes of organization. Signifi- 
cant studies which show the ineffectiveness of mere frequency in establishing 
associative connections have been made by Kiihn,' Poppelreuter,* Smith and 
McDougall,’ Peterson,’ and Kuo. Comprehensive criticisms of the doctrine 
of mechanical frequency-linkage will be found in Ogden,” and Helson." 


The remainder of the long list of conditions of association 
could be interpreted in a manner similar to the above. If we hold 
strictly to our functional point of view, it follows that all these 
alleged conditions are modifying circumstances only as they ac- 
tually effect performance. This effect may take either of two 
directions; the ‘conditions’ may favor the use of a particular type 
of operation or they may hinder the use of any type whatever. 
A better understanding of the way in which these operations are 
initiated is necessary for estimating much early work upon the 
conditions of association. 


The instruction to ‘learn’ a series of nonsense syllables may be apprehended 
and carried out in various ways. That is to say it undergoes considerable re- 
vision and reformulation by the organism and so modifies functional perform- 
ance. Besides the verbal direction or formal instruction, the arrangement of 
the materials may aid assimilation by serving as an occasional instruction. If 
neither the occasion nor the verbal direction suggests an appropriate perform- 
ance, the resourceful O will manage to create one through self-instruction. 
Adequate control of the organic conditions of associative formation is reached 
only through specific formal or occasional instruction. Even then the danger 
of additional self-instruction makes the commentary of a trained observer a 
necessary check. 


(2) Organization and context. The failure of associationistic 
principles to account for the conditions of effective assimilation 
was early evidenced by the need of bolstering hypotheses in the 


5A. Kihn, Uber Einprigung durch Lesen und durch Rezitieren, Zsch. f. 
Psychol., 68, 1914, 396-482. 

*W. Poppelreuter, Nachweis der Unzweckmissigkeit die gebriuchlichen 
Assoziationsexperimente, usw., Zsch. f. Psychol., 61, 1912, 1-25. 

7™M. Smith and W. McDougall, Some experiments on learning and retention, 
Brit. J. Psychol., 10, 1920, 204-212. 

8J. Peterson, Frequency and recency factors in maze learning by white rats, 
J. Animal Behav., 7, 1917, 338-364; Learning when frequency and recency 
factors are negative, J. Exper. Psychol., 5, 1922, 270-300. 

°7. T. Kuo, The nature of unsuccessful acts and their order of elimination 
in animal learning, J. Comp. Psychol., 2, 1922, 17 ff. 
0R. M. Ogden, Psychology and Education, 1926, 184-193. 
1H. Helson, The psychology of Gestalt, this JouRNAL, 37, 1926, 52-53. 
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form of memorial aids,” the stamping-in effect of pleasant con- 
summation," and the clarifying force of attention.“ Investigators 
found that their alleged ‘nonsensical’ material acquired from ap- 
parent necessity a certain amount of context. Instead of trying 
to account for these contexts by way of external agents, a more 
empirical procedure would make them simply aspects of the per- 
formances employed in organization. 


Context need not be assumed to reside in the materials or- 
ganized. A great deal of organization may be reportable and we 
may simply experience its result as the context of the material. 
By the use of nonsense syllables we are able to discover how 
organization is dynamically brought about and maintained. 


The importance of organization both to the formation and to the reproduc- 
tion of associative trains has been demonstrated experimentally. Nagel found 
that syllables assimilated under one arrangement were apprehended as en- 
tirely new when this arrangement was changed.“ Terms taken from the 
middle of series frequently failed to reproduce their associates, though the total 
performance could be completed without error when properly initiated. The 
more recent study of Pans showed that the removal or interchange of a context 
present during assimilation had a detrimental effect upon correct reproduc- 
tion. Both of these researches indicate that associated items are always 
events in a context. Changes of organization mean changes in context, and an 
item taken out of its context fails to initiate the organized performance of 
which it is a part. 


No one is better qualified to tell us what factors underlie the organization 
of a series of nonsense syllables than is G. E. Miiller. Nevertheless, throughout 
his long series of researches he is not entirely clear of the relation of his aids 
( Hilfen) to the things aided. Association is fundamentally a synthetizer and 
new complexes are ‘glued’ together by the Hilfen, which are simply older and 
preéxisting bonds. iller’s recent reply to his Gestalt critics (Komplextheorie 
und Gestalttheorie, 1923) has, however, brought his experimental work into a 
broader perspective. In this treatment the Hilfen frequently seem to operate 
upon the material and organize it in a strictly functional manner. 

13Summaries of the recent work upon affectively toned associations will be 
found in E. 8. Robinson, Memory, Psychol. Bull., 21, 1924, 581-584, and J. A. 
McGeoch, Memory, ibid., 25, 1928, 538-539. It is probable that the emotive 

redicament frequently serves an as occasional instruction and so initiates 
integrative functions. But such an aid would be antecedent to—hence, not to 
be confused with—the processes of organization. 

4‘Attention’ with the intent to learn seems to be necessary to all assimila- 
tion. Only when it is assigned the réle of an integrator shall we have to inquire 
what are the actual secondary operations employed under attention. 


4F. Nagel, Experimentelle Untersuchungen iiber Grundfragen der Assozia- 
tionslehre, Arch. f. d. ges. Psychol., 23, 1912, 156-253. 

16S. Pans, The influence of context on learning and recall, J. Exper. Psychol., 
9, I 926, 37-64. 
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(3) The effectiveness of various modes of organization. The 
problem of effective associative formation is intimately connected 
with the type of secondary operation employed. The practical 
bearing of this problem is obvious. It has notably popularized 
the study of memory and association. Nevertheless the reader 
of psychological works will fail to find much usable knowledge 
upon the real psychological basis of ‘economy’ and ‘efficacy.’ The 
only feasible means of study is to compare the outcome of various 
modes of occasional and self instruction. The most serious defect 
in research of this type has been the unwarranted assumption 
that simply setting the stage for a certain procedure is sufficient 
to guarantee its use by the ‘associating’ organism. In fact, the 
tendency of early investigators to think solely in terms of such 
environmental setting resulted in making economy dependent 
upon the material used rather than upon the operation employed. 


Ebbinghaus” differentiated between meaningful and meaningless sequences, 
while Pohlman* listed the efficacy of various materials in the following order 
words, consonants, numbers, and nonsense syllables. More recent experi- 
mentation has attacked the problem from the operational standpoint. Two 
typical researches are those of Klemm and Ollson’® and Guilford.” But even 
this work affords little insight into the actual modes of organization. Confusion 
arises particularly between adherents of rival theories of learning. 


In order to avoid the controversy which results from differen- 
tiating these modes on the basis of their superiority, we have used 
the following classification. Certain arrangements suggest their 
own organization; other organizations result, more remotely, 
through self-instruction and from various functional resources of 
the organism. The contexts which these organizations assume 
are therefore either intrinsic or extrinsic to the arrangement of the 
material. This classification orders the modes of organization 
according to their origin. While nothing is here said of relative 
efficacy, we might expect to find arrangements suggesting intrinsic 
aids to be generally superior. 


(4) The residues of associative formations. One of the char- 
acteristic features of associative formations is their reformation 


17H. Ebbinghaus, Memory (Ruger and Bussenius, tr.), 1913. 
188A. Pohlman, Experimentelle Beitrége zur Lehre vom Geddchtnis, 1906. 


199, Klemm and E. Ollson, Uber den Einfluss mechanischer und sinnvoller 
Hilfen bei Gedichtnisleitung, Zsch. f. réd. Psychol., 26, 1923, 78-95. 


20J. P. Guilford, The réle of form in learning, J. Exper. Psychol., 10, 1927, 
415-423. 


178 FREEMAN 


by way of memory. The career and outcome of these functional 
residues have been the subject of much concern and experimenta- 
tion. The modern associationists explain ‘reproduction’ upon the 
basis of the ‘bond’ hypothesis, according to which an absolute link 
between two or more discrete items is the determining factor. 


Ach,” for example, believed that he could measure the strength of this 
‘bond’ by the following method of associative equivalents. After O has as- 
sociated two nonsense syllables a certain number of times, he is instructed to 
rhyme or invert when one appears. O may either carry out the given instruc- 
tion or may reproduce the syllable formerly associated with the stimulating 
object. A reaction in which the association persists in the face of contrary in- 
struction is called an intended failure reaction. The number of repetitions 
necessary to bring about such a reaction is the equivalent or measure of the 
strength of the ‘bond.’ Even when an intended failure reaction does not result 
(as by insufficient repetition), contrary instruction will set up a heterogeneous 
activity and so lengthen the reaction-time. ( Homogeneous activity is aroused 
only when the instruction and associative disposition operate in the same 
direction.) 

Ach’s reasoning is typically associationistic in that it says nothing of the 
properties of the trace in question. In order to be operative this trace or bond 
would have to be called out by the excitant for reproduction. It is difficult to 
see why this need ever have occurred under the conditions of Ach’s test, since 
the ‘contrary’ instruction serves to initiate functional traces quite foreign to 
those formerly connected with the presented syllables. The traces which the 
method is supposed to measure would manifest themselves only through reform- 
ation of this instruction. In Lewin’s* noteworthy repetition of Ach’s method 
it was shown that reproduction is not a matter of strong associative ‘bonds’ 
but rather is dependent upon favoring conditions in the way of formal instruc- 
tion and occasional setting. 


Recently it has been shown that besides the residye of absolute 
linkages, there exist traces of total organizations.** These traces, 
the absolute and the structural, have different careers. At first 
an associative organization will be specific. But with time the 
performances involved will become divorced from the original 
material. These performances, acquired in connection with 
definite integrations, are retained as part of the functional equip- 


"N. Ach, Uber den Willensakt und das Temperament, 1919, 18-24. 
2K. Lewin, Das Problem der Willensmessung und das Grundgesetz der 
Assoziation, Psychol. Forsch., 2, 1922, 65-141, 191-302. A fairly complete 
summary of these two papers will be found in H. Helson, loc. cit. 
23W. Kohler, Nachweis einfacher Strukturfunktionen beim Schimpansen und 
ge Haushuhn, Abh. d. preuss. Akad. d. Wissenschaft, phys.-math. Klasse, 
r. 2, 1918. 
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ment of the organism and are used in meeting other situations. 
The excitant for these traces need only be conditions similar to 
those initiating the original performance. Of course the ‘response’ 
may not be ‘right’ as measured by the absolute reaction. If, for 
example, the presented item is apprehended simply as a formerly 
rhymed syllable, we cannot expect this tract to reproduce of neces- 
sity the exact rhyme. A study of many of the experiments on 
reproduction and recall will reveal instances of ‘right’ contextual 
relation between the so-called ‘wrong’ response and its stimulus. 
We are beginning to see that the effort to trace the career of ab- 
solute ‘bonds’ has led to the neglect of the more important residues 
of functional organization. The adequate description of these 
latter factors is a problem for the future. 


THE EXPERIMENTS 
I. GENERAL PLAN 


Our general plan was to utilize but one type of material, the 
nonsense syllable, and in various experiments to vary the context 
in which this material appeared. Such contexts were never 
assigned by formal instruction but were set rather as advanta- 
geous or favoring conditions. The O’s commentary showed 
whether or not these conditions actually aided assimilation by 
suggesting appropriate secondary operations. Aside from the 
systematic variations, the conditions of impression were kept as 
constant as possible throughout the experiments. The material 
used was repeated until completely mastered. Retention of the 
associative complexes was tested by approximate means both 
immediately after assimilation and also after an interval of one 
month from the time of the last experiment. Conditions common 
to all experiments are given below; the systematic variations are 
discussed in connection with the procedures of the individual series. 

(A) Conditions of impression. (1) Materials used. Three-letter syllables 
were used in all experiments. They were either conventional or unconventional. 
The conventional syllables were formed in accordance with the rules of Miiller 
and Schumann (diphthongs were not used). The great number of this type 
of syllable which already have symbolic significance (in English especially) 
suggested that such combinations would be inherently easier than a type with 
which the O was less familiar. To test this supposition, unconventional sylla- 
bles (formed by placing the vowel at the beginning or end of a syllable, e.g. omk) 


“4G. E. Miiller and F. Schumann, Experimentelle Beitriige zur Untersuchung 
des Gedichtnisses, Zsch. f. Psychol., 6, 1894, 95-106. 
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were used with those of the conventional type. No syllable was used twice in 
the experiment. 

(2) Arrangement of material in series. Meumann has maintained that 
economy in learning and in memorial efficacy is a function of the method em- 
ployed.* This assertion seems especially apt when one considers that certain 
of the ‘memory methods’ suggest various modes of ligating the material pre- 
sented. In the Ersparnismethode of Ebbinghaus, a series of syllables are con- 
nected end-to-end (longitudinal ligation), while the T’reffermethode, as employed 
in the Miillerian researches, emphasizes paired ligation. Operations effective 
in connecting a number of items in series may be quite ineffective for joining 
two of these items into a complex. Our experiments emphasized both paired 
and serial ligation. Series of paired associates were used throughout the re- 
search, and O was required completely to master these special orders. In 
general, the material for a given experiment was divided equally between 
series of conventional pairs (wof-sul), series of unconventional pairs (url-knu), 
and series which included both conventional and unconventional pairs. 

(3) Number and length of series. Six series of 15 paired-associates were 
used in all experiments. 

(4) Order of presentation. Variations due to differences in position were 
controlled by having the Os repeat the series in various time orders. Six Os 
made it possible to arrange a given series in all positions. 

(5) Method and rate of presentation. The syllable-pairs were shown succes- 
sively and read aloud by the O as they appeared. They were made by pasting 
Willson’s gummed letters (black, no. 5) on buff cardboards arranged serially 
about a large revolving drum. O sat in a booth in the experimental room. 
The syllable-pairs appeared (indirectly lighted) with the opening of the ex- 
posure-window immediately before him. 

The apparatus employed was a large drum carrying the six series of syllables, 
and arranged on a skid or track so that any series could be placed in front of 
the exposure-window as desired. The shutter of the exposure-window formed 
an integral part of this apparatus, opening at each turn of the drum. The 
drum was rotated at a constant rate, with brief pauses between the presenta- 
tion of successive series. 

(6) Number of repetitions. The number of repetitions varied from experi- 
ment to experiment. With one exception (Experiment III), all series in a 
given experiment were repeated the same number of times. The following pro- 
cedure was rigidly followed throughout. Each series was repeated ten times in 
succession on each working day. If a series were acquired early, it was repeated 
with the others until all could be reported verbatim. In the first three experi- 
ments all the series were repeated a given number of times, regardless of the fact 
that most Os had completely mastered them before this requirement was fulfilled. 

(7) Observers. Six Os served constantly in the experiments.% They were 
all graduate students in psychology. Three other Os took part in Experiment 

*E. Meumann, 7he Psychology of Learning (J. W. Baird, tr.), 1913, (ap- 
pendix ii), 368-370. 

26Misses Davidson (Da), Drury (Dr), Bulbrook (B), and Messrs. Glanville 
(G), Kemp (XK), and James (J). The writer wishes to express his appreciation 
for the coéperation of these individuals in a task which was, to say the least, 
very exacting and time-consuming. 


ROLE OF CONTEXT IN ASSOCIATIVE FORMATION 181 


III,. One of these was a graduate student in psychology; the others were 
‘naive’ undergraduates. 

(8) Stability of O’s general attitude. It is a well-known fact that intent to 
learn and degree of effort expended are important factors in the economy of 
learning and retention. We attempted to control these factors by stressing in 
our formal instruction maximal alertness and effort. 

(9) Diurnal variation. There was necessarily some variation in the time at 
which the series were presented on successive days as well as in the interval 
elapsing between presentations. Since the Os worked at different hours, this 
factor may be considered as introducing a variable error. 

(10) Practice-effects. The possible influence of practice upon economy was 
checked by comparing the O’s rate of assimilation in the original experiments 
with that obtaining for identical arrangements after an interval of approximately 
four months. This interval was filled with ‘practice.’ 

(11) Instructions. The formal instructions were similar for the various 
experiments: 

“After a ready signal, you will be shown a meaningless letter-combination, 
then another and another. Read each combination aloud as it appears. As- 
similate the series as simply and as rapidly as youcan. At the end of the hour 
you will be asked to write down such combinations as you can recall, as well as 
to comment upon the various stages of assimilation.” 

(12) The method of commentary. The method of commentary involved the 
closest coéperation between observer and experimenter.””? £ listened carefully 
to O’s reading of the syllables to detect cues to operations being used to or- 
ganize them. If the use of such an aid was not reported, EF would frequently 
seek confirmation for his opinion by the judicious use of questions. Besides 
this, Z noted any variation in the general attitude or conduct of the O which 
was not reported and which might influence the economy of assimilation. 

(B) Tests of memorial efficacy. The efficacy of the associations formed in the 
several experiments was tested at two different periods; immediately following 
complete mastery, and after an interval of one month from the date of the last 
experiment. Tests for the first period were concerned particularly with the 
retention of the paired-associates; those of the latter group included a test of 
the serial ligations in all experiments. 

(1) The test of contrary instruction. Our use of this test was confined to the 
first two experiments. It is essentially the same as that used by Lewin. Sylla- 
bles equal to the number of first terms of all the pairs in a single experiment 
(90) were shown to the O in haphazard order until he was familiar with them.?* 
Later these neutral syllables were mixed with the go first terms in a given ex- 
periment and the whole number (180) presented with the following instruction: 


27Cf. M. Bentley, op. cit., 197-199. 


*8The go cards bearing these ‘neutral’ syllables were shown to each O once 
on each of five consecutive days. Their order differed with each presentation. 
At the end of the fifth presentation, these syllables were mixed with an equal 
number of syllables which O had never seen. O was asked to respond to these 
by saying “plus” if the syllable was familiar and ‘‘minus”’ if it was not; this 
afforded a measure of the degree of familiarity before the first experiment. 
This test showed over 75% correct recognitions for all Os. 
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“You will be shown meaningless letter-combinations. When a combination 
appears say aloud its inverted form, e.g. git-tig or elb-ble. At the end of the 
hour report on the period preceding the responses.” 

An exposure-apparatus made to carry a single card at one time replaced 
the revolving drum used during the assimilation of the series. Each card con- 
tained a single syllable formed of gummed letters. In their general appearance 
to the O, these cards were identical with those seen during assimilation. 

Since it was desired to test for the presence of any ‘heterogeneous activity,’ 
such as was alleged by Ach,®® the following system was used to record the re- 
action-time to the presented syllables. O pressed a key at every ‘ready’ signal 
and the raising of the exposure-shutter caused a copper pin to drop into a 
mercury cup and so to close the circuit. The moment O began to speak the 
response word, he released the key, thereby opening the circuit again. The 
actual reaction-times were recorded by means of a Renshaw polygraph. The 
reaction-record was run coérdinately with a time marker obtained by connect- 
ing one of the magnets of the polygraph with a Kronecker interrupter. This 
system permitted the estimation of reaction-time in units of 0.1 sec. It was 
sufficiently accurate for our purposes. O made 100 practice-reactions before 
performing the regular experiments. 

(2) The test of free association. The 90 first terms of the paired associates 
were mixed with the same go neutral syllables as was used in the test described 
above. The entire number was then shown to the O with the following in- 
struction: 

‘“‘When a combination appears, say the first thing suggested. Do not pro- 
nounce the combination itself At the end of the hour comment especially upon 
the period preceding the response.’ 

(3) The use of Treffermethode after an interval of time. One month after the 
conclusion of the last experiment, all Os were asked to report again for a series 
of tests. In the first of these tests, five of the first terms were taken from every 
series learned during the entire research. They were arranged in haphazard 
order and then shown to O under the following instruction: 

“You will be shown some meaningless letter-combinations, the associates 
of which you are to recall. Consider each combination in its own right.” 

(4) The test of free association after an interval of time. For this test five of 
the first terms of every old series (different from those chosen for the above 
test) were united with an equal number of neutral syllables in a haphazard 
arrangement and shown to O. The instructions were the same as those given 
in the free association-test previously described. 


(5) The test of retention of serial ligations. This test follows the procedure of 


the familiar method of prompting. The instructions were: 

“You are to try to recall every series which you acquired in this experiment. 
The members of these series must be given in their exact order. The experi- 
menter will show you the beginning of each series in turn and will prompt you 
when necessary.’ 


II. ExperRIMENTAL PROCEDURES 
Our research is properly divided into four experiments, every 
one a unit in itself. The general feature differentiating these ex- 


29N. Ach, op. cit. 33 ff. 
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periments is the type of context permitted or suggested by the 
arrangement and setting of the materials. In the first experiment 
the organism was limited to such extrinsic aids as rhythm and 
spatial localization. The syllables were carefully chosen and ar- 
ranged so that few if any intrinsic relations (such as identical 
elements, rhyme, and the like) would be suggested. The second 
experiment utilized two representative aids such as were excluded 
from the first experiment. The third permitted the use of a 
formal context, which, when once reduced to rule, was designed 
to recall the second item on the sight of the first. In the fourth 
experiment the syllables were so chosen and arranged as to suggest 
the symbolic relations usually carried by a sequence of words. A 
detailed account of these four experiments is given in connec- 
tion with the paradigm of the procedure employed in each. 
ExperimentI. The paradigm of the procedure of Experiment I is as follows: 


Experiment I 
Characteristic Extrinsic Contexts 


(A) Conditions of impression 


Contexts possible rhythm, sound, spatial localization 

Order of presentation* cum ume mcu 

Arrangement of materials 2 C series 2 U series 2 M series 
15 pairs 15 pairs 15 pairs 
Ist 2nd Ist 2nd 1st 2nd 


Number of repetitions 200 


90 first terms 
90 neutrals 


(B) Tests of effectiveness 
(1) Contrary instruction; inversion 
(2) Free association 


*The small letters c, u, and m represent the temporal order of the three 
types of series: conventional (c), unconventional (u), and mixed (m). 

Earlier research has shown that certain rhythms are more economical than 
others.*° While no particular rhythm was assigned by instruction, the arrange- 
ment of the materials in pairs served to suggest the iambic. The six series 
were repeated 200 times each, after which tests under (B) were given. Before 
the beginning of this experiment, each O was given 100 conventional syllables 
to determine his ability for treating nonsense material as devoid of symbolic 
significance. The Os were given the negative instruction “‘not to regard the 


39Cf. G. E. Miiller, Zur Analyse der Gedichtnistitigkeit und des Vor- 
stellungsverlaufes, Zsch. f. Psychol., Erg.-Bd., 5, 1911, 348-301. 
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combinations as having verbal meaning” and were asked to respond with “‘the 
first sound that forms itself.’ 

The six regular Os (Da, Dr, G, B, K, and J) served in the experiment. 
Da and K repeated the experiment (but with different syllables) after an in- 
terval of approximately four months. The purpose of this repetition was to 
test for the presence of greater economy due to practice in learning nonsense 
syllables. 

Experiment Im: (Melodic contexts). In Experiment I we found a tendency of 
one O to use different voice-pitches as an aid in grouping the syllables. This 
performance has been reported previously by Frings,** who was able to repre- 
sent graphically the ‘melodies’ used by his Os as extrinsic aids to organization. 
In a subsidiary experiment we sought to study directly the economy of such a 
procedure. Six series of 15-syllable pairs were so arranged as to suggest few 
internal aids in assimilation. The material was divided into two equal portions. 
The three series in the first part were shown in a manner identical to that used 
in Experiment I. The three series in the second part were shown with a 
melodic accompaniment. 

The melody differed for each of these three series. It was played by the 
experimenter upon a Schoenhut toy piano. One tone was sounded at the pre- 
sentation of each syllable-pair. Every melody was divided into three phrases 
of five notes each. The melodies used were original, since it was not desired 
that O should formulate a rule, e.g. ‘that is the ‘Home, Sweet Home’ series.” 
The tunes played were (1) c-e-g-f-d, e-g-b’-a’-f, e-f-e-d-c; (2) c’-b’-a’-c’-f, a’-g- 
f-a-d, e-f-g-e-c; and (3) c-d-e-d-e-, d-e-f-e-f, g-f-e-g-c. 

The six regular Os served in this experiment. It should be noted that they 
were under no formal instruction that forced even the notice of the melodic 
sequences. The three series given without accompaniment served as controls. 
No tests of memorial efficacy were made in this subsidary experiment. 


Experiment II. The paradigm of Experiment II is as follows: 


Experiment IT 
Intrinsic Contexts R and I 


(A) Conditions of impression 


Contexts suggested inversion (I) rhyme (R) 
Order of presen- 
tation cum ume mcu cum: ume muc 
Arr. of materials 1Cser. 1 User. 1 Mser. 1 Cser. 1 U ser. 1 M ser. 
I5 prs. I5 prs. 15 prs. I5 prs. prs. 15 prs. 
Ist 2nd 1 2 I 2 
No. of repetitions | 100 | | | 100 | 
45 first terms 45 first terms 
45 neutrals 


(B) Tests of effective- 
ness 


3G. Frings, Uber den Einfluss der Komplexbildung auf die effektuelle und 
generative Hemmung, Arch. f. d. ges. Psychol., 1914, 30, 426-431. 


| 45 neutrals 


a 
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(A) Contrary in- | 
struction; (with rhyme invert 
reaction time) 

(B) Free association 

(C) Advantageous 
condition vs. con- 
trary instruction; 
(with reaction- 


time) : 
Part i invert rhyme 
Part ii rhyme invert 


Experiment II. Test C is peculiar to Experiment II and was introduced as 


an additional check upon the factors actually operative in the reproduction 
of associative complexes. In Part i of this test, the first members of all series 


were shown in order as learned ( a strip of paper covered up the second syllable 
as it appeared at the exposure window). O was instructed to rhyme rhymes 
and to invert syllables which had always been previously inverted. In Part ii 
the same conditions (advantageous to the usual performance) were present; 
but a contrary instruction was given, e.g. rhymes were to be inverted and in- 
versions rhymed. 

The six regular Os served in the experiment (except that Da omitted Test C). 
An added O, A, followed the same time-order as Da and took the Test. Band 
G repeated the experiment (but with new syllables) after an interval of about 
four months. 


Experiment IIJ. |The paradigm of Experiment III is as follows: 


Experiment III 
Formal Extrinsic Contexts A and B 
(A) Conditions of impression 


Contexts suggested Formal A Formal B 
Order of presen- 
tation cum ume meu cum ume meu 
Arr. of materials 1 C ser _1 U ser 1 M ser 1C ser 1 User 1 Mser 
15 prs. 15 prs. I5 prs. 15 prs. prs. 15 prs. 
21 2 


I I 
No. of repeti- | | 
tions 100+ 100+ 


go first terms 


90 neutrals 
(B) Tests of effectiveness 
(2) Free association 
Group a 30 wrongly scored 30 scored 
Group b 30 rightly scored 30 unscored 


Group ¢ 30 unscored 30 unscored 


4 
4 
4 
| | 
| 
| 
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Experiment III. Formal context A. In one series of conventional pairs, one 
series of unconventional pairs, and one mixed series, a single letter of the first 
term was set ahead one letter in the alphabet to form the second term. The 
letter of the first term that was shifted was underscored, e.g.'wof-wog. In 
the first five pairs of each of these series the first letter was shifted; in the 
second five pairs the second letter was shifted; and in the third and last 
group of five the last letter was shifted. Vowels were shifted to the next vowel 
of the customary order. 


Formal context B. In one series each of c, u, and m pairs, a single letter of 
the first syllable was shifted backward one letter in the alphabet to form the 
second term (vowels were shifted back to the next vowel). The letter shifted 
was overscored, e.g. Sul-rul. In the first five pairs of each of these series the 
last letter was shifted backward; in the second group of five the second letter 
was shifted; and in the third group the first letter was shifted. The six regular 
Os served in this part of the experiment. 

Experiment ITI, (Subsidiary experiments): Formal contexts. The rule opera- 
tive in Experiment III did not greatly aid the ‘serial ligation’ of the materials. 
In this subsidiary experiment, therefore, a formal relation was suggested which, 
if apprehended, would be effective in connecting the syllables both in pairs and 
in series. Six series of 15 unconventional pairs each were repeated until com- 
pletely mastered. No tests of effectiveness were made. Occasional Os A, F, 
and R, served in the experiment. The contexts suggested were planned to be 
somewhat analogous to the arithmetic progression of number series and were 
as follows. 

Formal context R (2 series). The series began with a certain syllable whose 
third letter was colored red. The red letter was shifted one (consonantal or 
vowel) place forward in the alphabet to form the next syllable. The third 
letter of this second syllable was also colored red and a shift of this letter one 
place forward formed the next term. This progression of letters was followed 
throughout the entire series of 15 pairs, e.g. olb—olc, old—olf, etc. 

Formal context G (2 series). The general plan of the two series arranged to 
suggest context G was much the same as for context R. The differentiating 
feature was that a green letter was shifted two letters forward in the alphabet 
to form the next syllable, e.g. umb-umd, umf-umh, umj-uml, etc. 

Formal context RG (2 series). The two series falling under this rubric were 
formed by beginning with a given syllable and shifting its third letter (colored 
red) progressively one place forward in the alphabet and its second letter 
(colored green) two letters forward e.g. ibf-idg, ifh-ihi, ijj-ilk, inl-ipm, etc. 


Experiment 1V. The paradigm of Experiment IV is as follows: 


Experiment IV 
Symbolic Contexts 


(A) Conditions of impression 
symbolic relations 
Contexts suggested nursery-rhymes, hymns, prose 
Order of presentation nr, h, i p, nr , nF, 
Arrangement of materials 2 Mseries 2Mseries 2 M series 
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| pairs 15 pairs 15 pairs 


until mastered 


90 first terms 
(B) Tests of effectiveness 90 neutrals 
(2) Free association 


Number of repetitions 


In this experiment the ‘nonsense’ material was so arranged that the Os 
might utilize the symbolic relations usually suggested by the meaningful 
sequences of (1) nursery rhymes, (2) hymns, and (3) prose. Both conventional 
and unconventional pairs were used in all series. They were chosen and ar- 
ranged after the following procedure. A given hymn or nursery rhyme was 
chosen and its words changed to three-letter nonsense syllables which gave 
somewhat the same sound as the word when pronounced. These syllables were 
fitted into series of 15 pairs. The rule determining each formation was that so 
far as possible no given syllable-pair should itself suggest a symbolic relation 
between its two members, as it was desired that the symbolic context should 
refer to the series as a whole. The hymns mutilated after this manner were 
‘jus-ast, hiy-amb’ and ‘unt-ter, hif-wim’; the nursery rhymes were ‘hik-kri, 
dik-kri’ (dock) and ‘tre-lit’ (kittens, etc.); the prose included a series of rules 
on personal appearance (wah-ure, fas—mit, lux-sop) and a ‘Milt Gross’ version 
of a telephonic conversation (hel-lov, zat-uhh). The six regular Os sat in the 
experiment. 


RESULTS 


The results for a given experiment will appear in two parts. 
Part i will be concerned with the assimilation of the syllabic 
complexes and will include the rate of assimilation and a brief 
abstract of the operations of each of the several Os. Part ii will 
be concerned with the tests of memorial efficacy and will include 
the analysis of the responses made in these tests. A summary of 
the results for a given experiment will follow its more detailed 
treatment. 


EXPERIMENT I. ExtTrRINsIC CONTEXTS 


Part i. Economy in assimilation. For a short description of 
the conditions of this experiment the reader is referred to its 
paradigm on page 183. The individual protocols, which are 
abstracted below, show the method and rate of assimilation for 
each of the six Os. 

Da. Rate of assimilation (R.A.) 55.3 syllable-pairs a day. General attitude 
(a.a.) excellent. Da had considerable experience with nonsense syllables be- 


fore this time. She maintained an almost constant interest and effort through- 
out the experiment. The test of her neutrality toward nonsense syllables 


i 
ea 
if 
j 
q 
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showed only 6 meaningful completions (m-cs.) out of 100. Da went about 
the task of assimilating the syllables in a systematic manner. The first day 
was marked by an active search for ‘any cues which might be utilized” in 
assimilation. During the second working day “less time was taken for purposes 
of orientation than before.” Her failure to find other cues caused her to place 
“great reliance on auditory-verbal, and in some cases, visual imagery.’”’ Certain 
series were noted as “more difficult to pronounce and liable to be hard to 
assimilate.” “A tentative grouping of the syllable pairs was tried out.” On 
the third day, each series was divided into three groups of five each. At 
subsequent presentations, Da followed this procedure strictly, perfecting the 
operation as time went on. The groups of five were counted on the fingers and 
certain ‘pillars’ (such as the beginning on the middle pair of a group) were 
noted and “an attempt made to clinch them.” Spatial projection of the 
groups upon a piece of paper also appeared. In writing down the combinations, 
she noted that “few syllables come which are not localized.’’ As assimilation 
progressed, such ‘mental jottings’ as “‘middle of second group of five’ dropped 
out and one pair seemed to follow the other as “a matter of course.” 

Dr. R.A. 29.7: G.A. constant. Dr had little previous observational practice. 
She gave 23 m-cs. in the face of negative instruction. She first observed that 
the more ‘euphonious’ (conventional) series would be easier to assimilate. 
After a period of initial confusion and search (repetitions 1-50) she decided to 
group the syllable-pairs into larger complexes of 4, 4, 4 and 3. She “concen- 
trated’”’ first upon the initial pair of each group and later upon entire groups 
which gave unusual difficulty. The performance was carried to complete 
mastery. 

G. R.A. 32: G.A. constant. G had considerable observational experience, 
though none in this type of work. He gave 33 m-cs. in the face of the negative 
instruction. The indication from his protocols is that G never had a well- 
formulated plan of procedure. At first he made an attempt to utilize extraneous 
associations. Later there came the realization that unless the pairs were 
learned in order there would be no guarantee that every one would eventually 
be mastered. Beginning with the rooth repetition, various groupings were 
tried on different series at different times; the one most frequently employed 
was 4, 4, 4, 3. He reported that the unconventional series were more difficult. 

B. R.A. 23.7: G.a. characterized by a lack of confidence in her ability to 
master the task set. She had no previous observational practice and had to be 
frequently urged to ‘“‘do her best.’’ She gave only 3 m-cs. under negative in- 
struction. For about the first 70 repetitions she “simply said them over.”’ 
After that she “hit upon’ dividing each series into groups of 4, 4, 4, and 3. 
This procedure, while not followed invariably, aided in the ligation of the sylla- 
bic complexes. 

K. R.A. 50.6: G.a. constant. Without previous observational experience, 
K regarded the experiment as an elimination contest and was determined to 
make a good showing. He gave 41 m-cs. under negative instruction. K em- 
ployed a systematic procedure from the second repetition to the stage of com- 


The term ‘meaningful completion’ is used in this research to designate the 
procedure of adding one or more letters to a nonsense syllable in order to make it 
into a familar word, e.g. rup, Rupert. 


by 
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plete mastery. Recognizing immediately the necessity of devising some 
scheme to aid him in the assigned task, he imposed a system of rhythmical 
grouping upon the material presented. Each series was divided into 5 groups of 
three pairs each. During early repetitions, K gave particular attention to the 
pairs beginning each group. On successive days he would ‘concentrate particu- 
larly’ on certain series, beginning with those which he considered the easiest. 

J. R.A. 33.6: G.A. variable. J had considerable observational practice, 
but his work in this experiment might be termed sporadic. He gave only 3 
m-cs. in the face of negative instruction. For about the first 60 repetitions, J 
“repeated the syllables mechanically.’”’ Then he tried grouping the pairs by 
twos. When this did not result in immediate improvement, he decided to 
develop a “‘different scheme.’’ The one decided upon was an “alphabet scheme” 
which involved ‘remembering the initial letters of a series in order and letting 
the rest drop in if they would.” The experimenter heard him group certain 
series in the 4, 4, 4, 3 rhythm during the period of the 8, 10, 14 and 15th ob- 
servations. 

The rates of assimilation given above may have resulted in part from the 
lack of practice of certain Os. But that this explanation is not sufficient is 
shown by the following check-experiment. The two Os whose rate of assimila- 
tion was the most rapid repeated the experiment after an interval of four 
months. This period was filled with practice in learning syllables. But the 
rates of assimilation show no significant increase. Da’s original rate was 55.3. 
Her rate after practice was 56.4. K’s original rate was 50.6 and his rate 
after practice was 46.9. 


Most Os reported that the series of conventional pairs were 
‘easier’ or ‘more euphonious’ than unconventional pairs. This 
fact is shown quantitatively in Table I. 


I 


NumBer or Necessary REPETITIONS FOR THE Correct RECITAL OF THE 
THREE Types OF NONSENSE SYLLABLE 


Time Order Conventional Unconventional Mixed 
Ser.1 Ser. 2 Ser.1 Ser. 2 Ser.1 Ser. 2 
J el 120 130 140 160 140 150 
K c? 50 90 110 100 70 100 
G ul 140 150 140 150 140 150 
B u? 120 140 170 170 150 150 
Da m! 40 70 100 110 90 110 
Dr m? 130 140 150 160 140 150 
Average 100 120 135 144.6 121.6 135 
110 139.8 128.3 


Part ii. Tests of effectiveness. Under contrary instruction, no O 
showed a tendency to reproduce an associate at the sight of its 
first term when he was set to perform in a different manner. 
Table II (which compares the reaction-time of neutral syllables 
with those which have associates) indicates that the ‘hetero- 


f] 
q 
q 
by 
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geneous activity’ (discussed by Ach as producing a lengthening 
in reaction-time) is as conspicuously absent in our experiments 
as in those of Lewin. 


TABLE II 


CoMPARISON OF AVERAGE REACTION-TIMES OF RESPONSES MApE TO Asso- 
CIATED AND NEUTRAL SYLLABLES 
, Reaction-time (in sec.) to 
associated syllables neutral syllables 
m.v. m.v. 


Da 
Dr 


Average 


Three general procedures were employed in the free association 
test: (1) To remain relatively passive and to let the presented 
syllable suggest a particular operation (employed by J and Da); 
(2) a self-instruction to place the syllables and to reproduce their 
correct associate (employed by G and K); (3) a self-instruction to 


operate upon all the syllables in an extraneous manner (meaning- 
ful completion was employed by Dr constantly and by B part 
of the time. The responses made by the Os are classified below. 


Response Due to extran’s 
Correct Incorrect 
38 


50 
60 


22 


58 


Average 38 


*(a) = Previously associated syllable 
t(n) = Neutral syllable 


It is obvious that the results of Dr and B will be of little aid in our estima- 
tion of the memorial efficacy of the associations formed in Experiment I. The 
procedure of G and K is analogous to the attitude assumed in the ‘Treffer’ 
tests and provides an excellent measure of efficacy. The prevalence of ‘in- 


| 0.82 1.5 1.5 
K 0.83 2.3 0.73 1.2 
G 0.86 1.5 0.81 2.5 
B 0.90 0.9 0.93 
a 1.06 1.5 1.05 0.9 
0.75 1.2 0.77 1.5 
| 0.87 1.3 0.85 1.6 
J (a)* 
(n)f 42 48 
K (a) 12 36 
(n) i 10 80 
G (a) 20 10 
(n) 22 68 
B (a) = 68 
(n) 3 87 
Da (a) |_| 10 22 
(n) 7 83 
Dr (a) go 
(n) go : 
11.1 42.1 
(n) 14 76 
ry 
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correct associates’ in the protocols of J, K, G, and Da is indicatory of the 
effectiveness of the contexts used in this experiment. Of the syllables learned 
which were ‘incorrectly’ given in response to presented terms, most had a 
sound similar to the ‘correct’ associate. This explanation accounts for all but 
27 of the entire aggregate of incorrect responses to previously associated 
syllables (a). Only seven of this remaining number may be credited to remote 
association. These results indicate that there was a fairly strong tendency on 
the part of most Os to respond after the acquired manner; but the correct 
responses never total more than two-thirds of the number actually acquired. 
Less than one-half, on the average, were correctly reported. Possibly the 
serial ligations were more significant to O than the paired-connections here 
tested. 


Experiment I, (Melodic contexts). In this subsidiary experi- 
ment, we suggested several melodies which might or might not be 
utilized as a means of ligation. A comparison of the rate of 
assimilation for the ‘melodic’ series with the control series and 
recourse to O’s reports has enabled us to list three different out- 
comes from the same experimental setting, as follows. 


(1) Melodic means of ligation utilized. The accompaniments were of service 
to Gand Da. Their average rates of assimilation for the melodic series were 
33-6 and 33.3 respectively. Their respective rates for the normal or control 
series were 20 and 21. G was noi entirely sure what his procedure was during 
assimilation. He divided the series into groups of five according to the sug- 
gestion carried by the melodic phrasing. He frequently ‘sang’ the syllables 
(roughly approximating the high and low pitches of the melodies). The series 
with melodic accompaniment were acquired in 40 less repetitions than were 
the control series. Da grouped the series in fives. Although she had always 
done this, she reported that the melody seemed to make the task easier. There 
is very little evidence from her reports that any other use was made of this 
context. The series with melodic accompaniment were acquired in 20 less 
repetitions than those used as controls. 


(2) Melodic means of ligation ignored. The accompaniment was ignored 
by Dr, K, and J. Their average rates of assimilation respectively were 25.9, 
21.6, and 26.7 for melodic series and 26.6, 21.5, and 25.4 for control series. 
All these Os reported that they were puzzled the first few times they heard the 
melodies. All were inclined to take their introduction as a jest. The actual 
reason why the melodies were not utilized may be the fact that these Os were 
quite satisfied to use their former and different procedures. 

(8) Melodic means of ligation serving to distract. B reported that the melo- 
dies distracted her attention from the series which they accompanied. It took 
her 40 extra repetitions completely to acquire these series while her average 
rates of assimilation for melodic and normal series were 27.1 and 19.7 re- 
spectively. 


Summary of Experiment I. The elimination of conditions 
advantageous to the use of intrinsic aids retarded the assimilation 


t 
q 
| 

4 
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of the material presented in this experiment. As an aid to or- 
ganization the Os supplied various systems of rhythmical group- 
ing. Those who followed this procedure most systematically 
learned more rapidly than did the others. Series of conventional 
syllables were assimilated with less difficulty than were those 
containing unconventional members. This indicates the impor- 
tance of sound pattern and voci-motor imagery in the acquisition 
of syllabic complexes under the conditions of this experiment. 
The same factor is again affirmed by the analysis of the ‘incorrect’ 
associates given in the tests for effectiveness. When utilized the 
melodic aid suggested in the subsidiary experiment proved effec- 
tive. The test of contrary instruction gave no indication of 
“heterogeneous activity.’’ Our results support those of Lewin in 
this respect and cast considerable doubt upon the possibility of 
automatic reproduction of a second term on the sight of the first. 


EXPERIMENT II. InTRINs1tc CONTEXTS 
Part i. Economy in assimilation. The conditions of this ex- 
periment are given in its paradigm on page 184f. All Os had 


mastered all series at the end of 100 repetitions. The rate and 
method of assimilation employed by each O appears below. 


Da. 8.4.68.4: G.A. as in Experiment I. She immediately used the intrinsic 
contexts of rhyme and inversion as aids in assimilation. Da reported that the 
inversions seemed easier. The procedure of dividing a series into three groups 
of five each was followed, as in Experiment I. 

A. R.A.48.9: G.aA. excellent. Introduced as an extra O in this experiment. 
A reported that he first tried ‘‘to get the feel of’’ the rhymes and inversions; 
but later he reported a counter-tendency to try to build up “runs and groupings” 
which would serially integrate the syllables. The connections between pairs 
were easy; but the process of learning these pairs in order was found to acquire 
more time. 

Dr. R.A.54.3: G.A. moderately constant. The first day was utilized in becom- 
ing accustomed to the new series. It was noted that there were three sets of 
rhymes and three sets of inversions. Upon the second day, Dr decided that it 
would be necessary to employ grouping in addition to the contexts which the 
occasion supplied. She used the 4,4,4,3 rhythm (as in Experiment I). 

G. R.A.55.9: G.A. asin Experiment I. The occasion seemed to have suggested 
to G that he assimilate by individual pairs rather than by series. It was not 
until the goth repetition that he attempted to place these pairs in order. As 
an aid to this task, he fell back upon the 4,4,4,3 plan of grouping. The inver- 
sions were reported as giving difficulty, as were series containing unconven- 
tional pairs. His rate of assimilating similar formations after four months 
was 57.8. 
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B. n.a.48: G.a. much better than in Experiment I. B performed with the 
conviction that these series “are not as difficult as the former ones.”” She was 
not very sure of her procedures during assimilation. She began to localize the 
syllable-pairs in series at about the 30th repetition. Her r.a. for similar forma- 
mations after four months of ‘practice’ was 58.1. 

J. R.A.47.9: G.A. a8 in Experiment I. The first hour was taken to “become 
familiar with the saying of the syllables.” It was noted that some series were 
rhymes and that others were inverted. Visual imagery was said to play a 
more important part in the assimilation of inversions than in the case of rhymes. 
No attempt was made to localize syllable-pairs in series until after the 4oth 
repetition. In order to acquire the exact serial order, J divided each series 
into groups of 4,4,4, and 3 and placed each individual pair in this schema. 

K. 8.4.62.7: G.a. as in Experiment I. He employed the same plan as in 
the first experiment in order to acquire the serial order of the pairs. He noted 
that these individual pairs “went together” better than those of the last ex- 
periment. His reports indicate that the suggested contexts were utilized 
throughout assimilation. 

The importance of sound-pattern in the assimilation of the 
syllables is again evidenced by the greater number of repetitions 
necessary for the correct recital of unconventional pairs in Ex- 
periment II. The average number of necessary repetitions for the 
conventional pairs was only 56.6, as compared with an average of 
88.3 for the unconventional rhymes. The average number of 
necessary repetitions for conventional inversions was 71.6; for 
unconventional inverted pairs, 98.3. 

Part ti. Tests of effectiveness. The results of Experiment I 
cast considerable doubt upon the validity of the test of contrary 
instruction and the concept of associative equivalents which 
underlies it. Little could be said in explanation of such results 
at that time. In the present experiment, however, we were able 
to ascertain when there can be conflicting or heterogeneous ac- 
tivity under contrary instruction, and why. By the use of two 
complementary procedures, one (Test A) similar to that used by 
Lewin in his first experiment, the other (Test C) somewhat ana- 
logous to the conditions of his second, we were able to demon- 
strate that the only ‘conflict’ possible is between the suggestion 
of the occasion to perform in the old manner and a formal instruc- 
tion to do something different. An O trained to follow directions 
will not normally shift to a former performance. It is a question 
whether he is then aware of any suggestion which the occasion 
may offer. If for any reason, however, the occasion presents a 
strong condition favorable to the former performance, the con- 
trary formal instruction may be neglected. 
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In Test A, although syllables having associates were shown, 
their arrangement with neutral syllables presented few cues to the 
performance usually employed in connection with them. The Os 
have no difficulty in rhyming inversions and inverting rhymes. 
No O rhymed when instructed to invert previously-rhymed syl- 
lables; and there were only five cases where inverted syllables were 
inverted under the rhyming instruction in this test. 

In Test C, the situation was such that the O had much reason 
to forsake the contrary instruction and to perform in the accus- 
tomed manner. When the first terms of all pairs were shown in 
serial order with a paper concealing their associate, the Os fre- 
quently neglected to rhyme inversions and to invert rhymes (as in- 
structed). Results of Test C show 12 intended failure reactions 
with rhymes and 31 with inversions—a total of 43 as compared 
with the 5 given in Test A. 


TABLE III 


ComPARISON OF REACTION-TIME TO ASSOCIATED AND TO NEUTRAL SYLLABLES 
UNDER DIFFERENT OCCASIONAL INSTRUCTION (TEsTsS A AND C 


Reaction-Time (sec.) 
Syll.- Test A Test C 
Instr’n Rhyming Inversion Rhyming Inversion 
ave. M.v. ave. m.v. ave. ave. m.v. 
0.72 1.4 0.89 1.3 12.8 
1.30 1.9 2.99 2.7 0.73 
1.20 2.0 0.65 2. 


1.18 oO. 


-34 
2.9 43 


8. 
.20 2. .20 


.gI .25 
.83 0.54 


. 84 .92 
.36 

.4I 


.82 
. 86 .78 


.92 1.7 

2. .9O 2.3 
0.99 1.4 

2.3 

I 


3.26 2: 0.99 1.7 
*r = rhymed; i = inverted; n = neutral. 


J 

r 0.6 3-3 

n I 

r 3-9 
G i o 2.0 

n 

r I 1.02 2.1 1.63 2.8 
B i I 4.92 3 0.92 1.2 

n I 2 

r om =| 0.39 0.4 0.84 2.1 
Dr i oO 1.54 7.3 0.41 41.1 

n 2.1 

r 0.59 2.0 1.12 2.2 
A i I 1.31 2.4 0.48 3.8 

n I 2.30 

r 0.68 1.7 2:9 
Ave. i I 1.40 3.9 0.59 1.7 
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The discrepancy between the procedures employed in Tests A 
and C is further shown by a comparison of the reaction-time to the 
same syllables under different occasional instruction (Table IIT). 
Under the conditions of Test A, there was no indication of a 
lengthening of reaction-time due to ‘conflicting’ trends. The 
average time is approximately the same both for neutral and for 
associated syllables. Under the conditions of Test C, the reaction- 
time for associated syllables is considerably lengthened by con- 
trary instruction. The average reaction-time for all Os is 0.52 sec. 
more in the case of rhymes inverted and 0.81 sec. more in the case 
of inversions rhymed. 

Free association. The responses given both to formerly rhymed 
or inverted and to neutral syllables under free-association instruc- 
tion (Test B) are given below. There were 45 rstimuli, 45i,andgon. 


Response 


Stimulus Rhyme Inversion Due to extra- 
neous operation 


4! 
3 42 
41 46 


Ave. 


*r = rhymed; i = inverted; n = neutral. 


It should be noted especially that two-thirds of the total re- 
sponses made to neutral syllables were either rhymes or inversions. 
This shows the greater effectiveness of these contexts over those 


r* 
J i 
n 3 
r 43 2 
K i 6 39 
n 40 50 
r 4! 4 
G i 2 43 
| n 43 47 
r 24 3 a 
B i 5 31 9 
n 16 4 70 
r 23 2 20 
Dr i 2 16 27 
nD 4 6 80 
r 42 2 I 
A i 3 42 
n 20 65 5 
r 35-6 2.9 7 
i 33.9 6 
n 27.3 36.3 26.3 
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used in Experiment I, where only 165 of the responses to neutrals 
showed the effect of the acquired contexts. 

Summary of Experiment II. This experiment indicates that 
intrinsic contexts (supplied by the occasion) aid in the assimila- 
tion of series of nonsense syllables. About one-half the number of 
repetitions was necessary as compared to Experiment I, in which 
such aid was ruled out. Ach’s method of the intended-failure re- 
action is not, therefore, a test of the efficacy of associative forma- 
tions, since there is no inherent power in a syllable to call up its 
associate (Test A). The results of Test C show that intended 
failure reactions result from reformulation of instruction (due to 
favoring conditions in this test). A more valid test of the efficacy 
of associations is their appearance in free association. In Test B, 
the presence of formerly rhymed and inverted syllables was an 
aid in determining the operation to be employed upon the neutral 
syllables. Transfer of a functional performance from one material 
to another is an indication not so much of the efficacy of discrete 
associative connections as of the performance which aided in their 
formation. 

EXPERIMENT III. Format Contexts 

Parti. Economy in assimilation. The conditions of this experi- 
ment are given in its paradigm of page 185. The formal extrinsic 
contexts were noted by five of the Os and utilized by them in 
varying degrees. The rates of assimilation and the analyses of 
their individual procedure are given below. It may be generally 
said that while the suggested contexts were an aid in paired liga- 
tion, they were quite ineffective in serial formation. 

Da 8.A.64.1: G.A. a8 in Experiment I. She noted at once that there was 
some sort of ‘system’ to the paired connections but could formulate the rule 
only after several repetitions. She did not feel that the rule greatly helped, 
since it implied visual rather than auditory imagery (her usual type). 

Dr. 8.4.29.5: G.A. inconstant. She noted that there was some significance to 
the scoring of certain letters but dismissed the notion that the cue might be of use. 

G. R.A.38.9: G.A. as in Experiment I. G@ noted the full significance of the 
scored letters and utilized it in connection with other aids (such as sound 
pattern, etc.). In reproduction, he used this aid when the sound-pattern 
of a pair failed to complete itself. 

B. 8.4.54.9: G.A. a8 in Experiment II. She noted the significance of the 
scoring but did not think it of great aid in assimilating the series. 

J. R.A.42.9: G.A. one of weariness with the experiment. J used the formal 
context in assimilation. He reported that, as a visual learner, the scoring of 
letters set for shift was a great aid in the recall of the second terms of syllabic 
pairs. 


{ 


ROLE OF CONTEXT IN ASSOCIATIVE FORMATION 197 


K. 8.4.32.8: G.a. less constant than in Experiments I and II. There is no 
indication in K’s reports that the suggested context was either noted or em- 
ployed in assimilation. He used the same system of grouping as in previous 
experiments. 

An indirect indication of the effectiveness of the extrinsic con- 
texts suggested in this experiment is provided by a comparison 
of the economy of assimilating series of unconventional syllables 
for the individual Os. It is worth noting that three of the Os 
(G, B, and Da who gave some indication of utilizing the sug- 
gested aid) acquired the conventional series with about the 
same rapidity as they did the unconventional—a fact contrary to 
the results obtained in Experiments I and II. In Experiment I it 
took these Os an average of 30 more repetitions to learn the un- 
conventional series than the same number of conventional pairs. 
In Experiment III it took these three Os, an average, only 10 
more repetitions for the unconventional series than for the con- 
ventional. In general, it may be said that the use of a logical aid (of 
the type suggested in this experiment) tends to compensate for the 
difficulty experienced with the sound of unconventional syllables. 

Part ti. Tests of effectiveness. The go neutral and go associated 
syllables were divided into three equal groups and presented suc- 
cessively to the Os. If the scoring of certain letters was not 
utilized in assimilation, then the wrong scoring of the presented 
syllables in Group I should not effect the correctness of the re- 
sponse. If the scoring was utilized, then the correct designation 
in Group II should result in a greater number of correct responses 
than in Group I. If the scoring was of little aid or of no aid what- 
ever in assimilation, then its removal from the associated syllable 
in Group III should not affect the correctness of the response. 
In this manner each group constitutes a control on the other, and 
we are able to check by quantitative means the relative effective- 
ness of the two types of context (logical and sound) which were 
made possible by the conditions of this experiment. 

The number of correct responses to the 30 associated syllables 
given in each group was as follows: 

Group I Group IT Group III 


30 
28 
24 
28 
25 
16 


J 8 15 
G 15 17 
B 12 10 
Da 16 15 
K 30 26 
Dr 10 16 
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These results indicate that the wrong scoring (in Group I) and 
the removal of scoring (in Group III) had little effect upon the 
correctness of the responses of K and Dr. The other four Os, who 
reported the scoring as an aid to assimilation, did much better 
with Group II (where the presented syllables were properly 
scored). The fact that these Os were depending more or less upon 
the scoring to determine their responses is shown by the large 
number of times the scored letter was shifted in Group I. 


Responses (Group I) to 
30 associated 30 neutral 
syllables syllables 


In Group II (properly scored), the four Os who utilized the 
logical aids gave more correct responses than did the two Os who 
were dependent upon sound alone. 

Experiment III, (Subsidiary experiment). The rate of assimila- 
tion of the three Os who served in this subsidiary experiment was 
very rapid. A discovered at once that certain letters were shifted 
progressively and put his knowledge to serve in assimilating the 
series. The formal shifts of letters did not become significant to 
either F or R until the 4oth repetition. At this stage R’s rate 
increased 13 times and F’s 16 times. The go syllable-pairs given 
in this experiment were acquired by A in 10 repetitions, by R in 
50 repetitions and by F in 60 repetitions. Instead of gradual ac- 
quisition (as in Experiment I) there were abrupt rises in the learn- 
ing curves, generally typical of performances which develop 
through ‘insight’ or perceived relation. 

Summary of Experiment III. Logical aid of the type suggested 
in Experiment III leads to greater economy in assimilation and in 
memorial efficacy than does the aid supplied by sound-pattern 
alone. 

EXPERIMENT IV. SymBoLic CONTEXTS 

Part i. Economy in assimilation. In this experiment (for 
conditions see paradigm on page 186f) we sought to approximate 
the setting in which ‘meaningful’ sequences of the syllables were 
employed in varying degrees by five of the Os. Their rates of 


22 30 
14 16 
14 13 
13 14 
wal | 
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assimilation indicate the great economy of this type of aid. An 
analysis of the individual procedure appears below. 


Da. R.A.70.3: G.A. as in Experiment I. Only one series (hickory—dickory— 
dock) carried much symbolic significance for Da. This was the first series 
acquired. The other series were ‘simply jingles that I don’t make much of.” 

Dr. R.4.74.1: G.A. much better than in Experiment III. During the first 
hour Dr apprehended certain ‘snatches of meaning” in practically all series. 
She then assumed a self-instruction to find out what the meanings of the total 
series were. She was successful in acquiring two series almost immediately. 
Another series (jus—ast) was apprehended as “some hymn that I can’t quite 
get.”’ Before the third observation she had inquired as to the completion of this 
hymn among her friends. The information gained was utilized in the assimila- 
tion of this series. One series (unt-ter) “never had much sense.” 

G. R.A.69.9: G.A. as in Experiment I. G apprehended certain ‘meaningful 
phrases’ during the first observation. He was able to get certain of the series 
to mean as a total (hik-jri, hel-lov, and wah-ure). The others were learned 
as jingles “‘without much sense.” 


B. R.4.46.1: G.a. very weary with the experiment. B neither recognized 
nor utilized the symbolic aids, but learned after the method of Experiment I. 


J. R.A.74.4: G.A. ag in Experiment I. J apprehended certain runs of mean- 
ingful sequence during his first observation; thereafter he sought to complete 
these runs. One series (jus-ast) gave difficulty because he could not “make 
any sense of four pairs in the middle.” Two series (hel-lov and unt-ter) were 
never ‘meaningful’ and were learned in ‘“‘mechanical fashion.” 


K. k.4.86.3: @.A. as in Experiment I. K apprehended the significance of 
one series the second time that he repeated it. This gave him a cue for proceeding 
with the other series. The first time that he tried to write down the series he 
reported some difficulty in remembering the actual nonsense syllable that 
carried a given significance. This difficulty was overcome at the time of the 
second writing. 


Part ii. Tests of effectiveness. Only a limited number of correct 
associates were given in the free-association test. K and Dr, 
whose rates of assimilation were the most rapid, each gave only 7 
correct responses out of 90. J gave 25, B 23, G 43, and Da 62. 
Those Os who utilized the symbolic aids least had the highest 
score. None of the Os, responses showed any effect of the acquired 
symbolic contexts. 


Summary of Experiment IV. The use of ‘meaningful’ se- 
quences in the assimilation of nonsense material resulted in rapid 
assimilation. The test of free-association did not show great 
effectiveness of these contexts in determining response. This may 
be due to the fact that the symbolic contexts refer to the whole 
series rather than to individual pairs. If this supposition be true, 
it is easy to understand why it is sometimes better to learn by the 


3 
ih 
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‘whole’ method and again by ‘part.’ The whole method is with- 
out doubt better for the learning of meaningful sequences.” 
Discussion OF RESULTS 

(1) Quantitative measures of efficacy. The forms of context 
utilized in this research varied from the intrinsic aid of sound- 
pattern (Experiment I) to the extrinsic aid of symbolic relation 
(Experiment IV). To estimate the relative efficacy of these sev- 
eral contexts six quantitative measures will be used: (a) economy 
in assimilation; (b) influence of the contexts in determining re- 
sponses to formerly associated syllables (under an instruction for 
free-association just after complete mastery); (c) influence of the 
contexts in determining the responses to similar materials (neutral 
syllables); (d) influence of the contexts upon formerly associated 
syllables after an interval of time; (e) number of associations cor- 
rectly recalled after an interval of time; and (f) number of prompt- 
ings necessary for the recital of series after an interval of time. 
The second, third, fourth and fifth of these measures (b-e) refer par- 
ticularly to contexts employed in paired ligation; the sixth meas- 
ure (f) is more concerned with serial organization. All measures 
will, however, be grouped together, since each experiment em- 
ployed both modes of connection. 

In the general comparison, no measure can reasonably be 
given more weight than any other. Whether, for example, econ- 
omy in assimilation is a better index of effectiveness than is re- 
tention after a period of time is itself an interesting question; yet 
its answer still remains an arbitrary matter. Investigators who 
have used certain tests in preference to others have frequently 
assumed that their method is the most adequate measure. We 
have utilized all tests which were practical and our method of 
rating these does not involve us in futile controversy. 

The contexts represented in the four major experiments to be 
compared may be classed as follows: 


Intrinsic Contexts Extrinsic Contexts 
Exp. I sound (paired ligation) rhythm (serial ligation) 
Exp. II rhyme or inversion rhythm (serial ligation) 
(paired ligation) 
Exp. III formal system (paired ligation) 
Exp. IV symbolic relation (serial ligation) 


8Cf. L. Steffens, Experimentelle Beitrige zur Lehre vom ékonomischen 
Lernen, Zsch. f. Psychol., 22, 1900, 321-383. 
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(a) Economy in assimilation. According to the rating shown in Table 
IV (below), Experiment IV is the most efficacious from the standpoint of 
economy. The rank order of Experiments II and III is not very significant, 
since Experiment III is ranked higher than Experiment II in the case of G 
and B. The individual records of the other four Os follow the same rank-order 
as that given the averages of all scores. 


TABLE IV 


InpivipvuaL Rares OF ASSIMILATION IN THE Four EXPERIMENTS 
(All rates based upon 100 repetitions) 


Exp. I Exp. II Exp. III Exp. IV 

J 33.6 47-9 42.9 74-4 
K 50.6 62.7 32.8 86.3 
Da 55-3 68.4 64.1 70.3 
Dr 29.7 54-3 29.5 74-1 
B 33:7 48.0 54.9 46.1 
G 32.0 55-9 58.9 69.9 
Average 35.8 56.2 47.2 68.5 
Rating 4 2 3 I 


The reports of the Os indicate why the material of one experiment is assimi- 
lated more easily than that of another. This economy is referred by them as 
due to differences in procedure employed.* But since the rating follows some- 
what the order in which the experiments were completed, we must consider 
alleged ‘practice’ effects. Investigators in the past have been far too prone to 
assign such results as ours to the undefined term ‘practice’ without due con- 
sideration of the difficulties involved.® It is, of course, very difficult to control 
a situation in which the organism is given a task and kept at it (under certain 
conditions) for a period of hours, days, or months. But the assumption com- 
monly made that the performance acquires greater precision with time is not 
always justified. On the contrary, ‘practice’ may lead to a cumulative effect 
which is detrimental to performance (in such a case many have had recourse 
to the concept of ‘fatigue’). As a matter of fact, we can present evidence for 
both states of affairs in our experiments.* But such results are not conclusive 
one way or the other. The repeated experiments (arranged especially to check 
practice effects) are more impressive. These results showed no increase in the 
rate of assimilation with time (the difference is less than the p.z.). Certainly, 
in our major experiments, additional economy came by the way of changes in 


See the detailed analyses under each of the several experiments. 

%For a discussion of certain of these difficulties see W. Kohler, Zur Theorie 
des Sukzessivvergleichs und der Zeitfehler, Psychol. Forsch., 1923, 3, 115-175. 

36 Da reported (in Experiment IV) that practice lent a certain ‘precision’ to 
her method of organizing the syllables; while Dr (in Experiment IV) and G 
(in Experiment ITI) stated that they had assimilated so many syllables already 
that the acquisition of further materials was inhibited or impeded. But Da 
required as many repetitions in Experiment IV (the last) as was necessary for 
her assimilation of the materials in Experiment II. In the case of Dr the 
material in Experiment IV was acquired more rapidly than any occurring in 
a experiments (we might have expected her record to show the ‘fatigue’ 
effect). 


| 
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procedure rather than by simple practice in ‘memorizing’ syllables. A very 
significant study in this connection is that of Fracker who found that acquisition 
improves by virtue of specific tricks of performance rather than as a result of 
formal memory training.*” 

(b) Responses to formerly associated syllables after mastery. The average 
ratings received by the several experiments in Table V differ somewhat from 
those accorded them under the first measure. Experiment IV, which ranked 
first for economy in assimilation, assumes the lowest rank in this test, and 
Experiment I ranks third. Those experiments (II and III) which emphasized 
paired connection are rated as superior. This is to be expected, since we 
have seen that both modes of connection are not equally significant in all 


experiments. 
TABLE V 
NuMBER OF RESPONSES SHOWING THE INFLUENCE OF ACQUIRED CONTEXTS 
UPON FoRMERLY ASSOCIATED SYLLABLES IN FREE ASSOCIATION 


Exp. II 


49.1 


J 

K 

G 

B 

Da 

Dr 
Ave 
Rating 


4 
*Since Da did not take this test in Experiment II we are forced to use the 
score of the extra O, A, in this computation. 

Again, as in Test 1, there is no significant difference in the averages of 
Experiments II and III. Experiment II ranks first for J, K, G, and Da; 
while Experiment III holds first place for B and Dr. On the basis of the 
averages in the table above, we may conclude that intrinsic contexts of rhyme 
and inversion and extrinsic contexts referring to letter changes are superior in 
the free reproduction of former associations. The reader should note that in 
obtaining the individual averages for the above table both correct and in- 
correct associates were counted. 

(c) Transfer of the acquired functions to similar materials. The transfer of 
an operation from the material originally connected with its use to material 
of similar character is a test of efficacy very seldom applied; yet the fact is of 
common enough occurrence. Rules and performances acquired in connection 
with certain materials are utilized by the organism in meeting somewhat 
similar situations. Such procedure is a characteristic feature of the teaching 
of mathematics. Table VI shows that Experiment III suggested operations 
which were utilized after this manner.** 


37G. C. Fracker, On the transference of training in memory, Psychol. Monog., 
9, 1908, (no. 38), 56-102. ‘ 

38Two reasons may explain the lowered efficacy of Experiment III in this 
test. The average is reduced by the fact that two Os (K and Dr) performed 
in ways by no means connected with the suggested contexts. The other reason 
is that the arrangement of the neutral syllables themselves did not always 
facilitate the use of the context. In spite of this latter fact, the logical contexts 
were more influential than those of Experiment II for B and about as in- 
fluential for J. 


Exp. I P| Exp. III Exp. IV 

63 90 85 43 

62 89 79 70 

80 88 76 49 

22 63 68 23 

68 89* 72 70 

23 40 49 
76.8 7° 36.5 
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TABLE VI 
NuMBER OF RESPONSES (TO NEUTRAL SYLLABLES) IN FREE ASSOCIATION 
WHICH SHOW THE INFLUENCE OF THE CONTEXTS SUGGESTED BY 
THE Four EXPERIMENTS 

Exp. I Exp. II Exp. III Exp. IV 
J 42 
K 10 
G 22 
B 3 
Da 7 
Dr 14 
Ave 14 
Rating 4 

*Exception 


* 


The marked superiority of the contexts of rhyme and inversion in this test 
may be due to the ease with which they attach to the material. By instruction, 
O is doing the easiest thing he can. Neutral syllables occurred in the tests 
given in all experiments. The average number of rhymes and inversions given 
in response to such syllables in Experiments I, III, and IV was as follows. 


Exp. I Exp. III Exp. IV 


Rhymes 28.3 33-3 39-3 
Inversions fe) 12.3 14.1 


A comparison of these averages with those of Table VI shows a superiority 
of these contexts over such as might have been suggested by the associated 
syllables of the given experiment; e.g. only one out of 90 neutral syllables was 
influenced by the contexts of Experiment IV while over 39 of the rhymes 
were given in response to these syllables upon the same occasion. 

These averages afford a further measure of the effectiveness of two func- 
tional dispositions (rhyme and inversion) over a period of time. Evidently 
rhyming was no new procedure with the Os; yet this record shows that they 
came to employ it more after its use in connection with Experiment II 
than before. In the case of inverting, we have an even clearer picture. Here 
an operation quite new to the organism (in Experiment I) becomes functional 
in connection with certain materials (in Experiment II) and then, divorced 
from the original items, serves with increasing effectiveness with similar ma- 
terials (in Experiments III and IV). 

(d) Influence of context after an interval of time. A question frequently 
asked is what associations are retained the longest. The answer from nonsense 
syllable experiments has usually been ‘“‘the ones repeated most frequently and 
those which have been given most recently.”’ Test 4 offers possibility of check- 
ing the alleged importance of these conditions of impression. As shown in 
Table VII, when formerly associated syllables are given after an interval of 
time under free association neither the most frequent nor the most recent 
associations appear in great number. The associations formed in Experiments 
I were repeated approximately twice as frequently as those of Experiments IT 
and III; yet this experiment is ranked below the other two. Similarly, the 
associations of Experiment IV, which are the most recently formed, receive 
fourth and lowest rank. 


i 
| 
| 
q 
4 
4 
4 
if 
il 
ih 
‘y 
4 
if 
a 
4 
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TABLE VII 


NoumsBer or Responses SHOWING THE INFLUENCE OF ACQUIRED CONTEXTS 
UPON 30 FORMERLY ASSOCIATED SYLLABLES AFTER AN INTERVAL OF TIME 


Exp. I Exp. II Exp. III Exp. IV 


Da 
Dr 


Ave. 
Rating 
*Exception 


It should be noted that the rating given the general averages compares 
favorably with the individual records of all Os except K and B. The irregu- 
larity in K’s rating is probably due to his lack of insight into the context 
suggested by Experiment III at the period of assimilation. The easiest thing 
for B to do in this test was to ‘give meanings.’ The other Os found the readiest 
response to be in some way connected with the former association. Not all 
of the responses numbered in the above table were entirely correct. Occasion- 
ally the wrong rhyme was given to a formerly rhymed syllable, or a similar 
sounding response was given to a formerly associated syllable of Experiment I, 
e.g. ets—sto instead of ets-stu. The number of such ‘incorrects’ were: Da, 9; 
Dr, 4; K, 4; B, 2; G, 2; and J,2. These so-called ‘incorrect’ responses provide 
another index of the importance of context in associative formation. 

(e) Number of associations correctly recalled after a time. Treffermethode 
has long been one of the stock procedures with nonsense syllables. Our use of 
this test after a considerable lapse of time provided an excellent measure of the 
efficacy of various types of paired associations. Table VIII shows the number 
of correct associates given to the first terms of correlative experiments. The 
rating on this test follows the same rank order as the preceding. This is 
natural, since those types of formation which are easy to recall under instruc- 
tion for free association should be even more efficacious under the more specific 
direction. 

Experiment III is the only one which shows a significant increase over the 
score of Test 4. The correct associate was given in practically all cases (except 
with K who did not utilize the contexts suggested by Experiment III). It is 


TABLE VIII 
NoumsBer or Rigut Associates GIVEN AFTER AN INTERVAL OF TIME TO 30 

First Terms 1n Eacu oF THE Four Experiments 
Exp. I Exp. III 

II 

12 

13 

II 

9 

16 

12 


3 
*Exception 


J 9 24 27 7 
K 12 21 (16) * 3 
G 15 21 21 9 
B 4 7 3 (6)* 
a II 16 25 5 
14 19 21 
10.8 18 18.9 6.1 
3 2 I 4 
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also significant that the rank order of Experiment II and that of Experiment 
III are reversed after an interval of time. In Test 2 and 3, Experiment II is 
ranked the highest, but with time the contexts suggested in Experiment III 
become the more efficacious. The reports (taken in connection with Test 5) 
showed that the superior efficacy of these associations was due to the operation 
of a mnemotechnical device or context resolved from the assimilative process. 
All that was needed to provide correct associates in Experiment III was to 
remember the rule applying to the shift of underscored and overscored letters. 
The implication contained in these results is that organization, or context, is 
more significant for retention than are the absolute connections between 
discrete pairs of syllables. 

(f) Amount of prompting necessary for serial recitals. The method of 
prompting was used to measure the efficacy of serial ligations after an interval 
of time. As was to be expected, those experiments (II and III) which em- 
phasized paired connections especially received the lowest rank in this test. 
Experiments I and IV ranked high by virtue of their well-defined serial in- 
tegrations. In both of these experiments, the pairs had little significance as 
isolated units; they belonged rather to a larger organization. A single syllable 
would not suggest its associate when it was taken from its place in a rhythmical 
or symbolic sequence. Naturally, Experiments I and IV have been rated 
rather low in many of the other tests. We cannot properly discount such 
measures of efficacy on such grounds. These experiments did present incen- 
tives for paired as well as serial ligation. The difference between efficacy of 
these two modes of connection is relative and depends upon the context em- 
ployed. 

TABLE IX 
NuMBER OF Promptines NECESSARY FOR THE ReciTau or ALL SERIES IN 
THE Four EXPERIMENTS 
Exp. II Exp. III Exp. IV 


*Exception 


It should be noted that the rating of the averages in the above table is not 
typical of either K or G (for whom Experiment IV receives first rank) and that 
the large number of promptings given to B (whose procedure was really ana- 
logous to those of Experiment I) raises considerably the average for Experi- 
ment IV. 

For statistical purposes we have arranged the ratings obtained by the four 
experiments in each of the six tests discussed above. The rank order of these 
experiments according to this group rating is: II, III, I, and IV. This does not 
do justice, however, to the individual differences between the several Os. The 
average individual ratings are as follows: 


J 24 45 79 
K 12 26 42 8 ) 
G 34 51 39 29 q 
B 53 72 72 (68) * 
Da 37 73 46 65 
Dr 41 73 74 50 ' 
Ave. 33-5 56.6 58.6 43-5 
Rating I 3 4 2 
H 
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Average ratings received for all tests by 
Exp. I Exp. II Exp. III Exp. IV 
4 


2 
(3)* 


Ne 


Rating 
*Exceptions 
The average ratings obtained by this procedure show that the symbolic 

contexts of Experiment IV are superior to such as were employed in Experi- 

ment I. This is a reversal of the rank order obtained by the method employed 
in obtaining the group ratings. Experiments II and III receive the same rating 
by both methods. A survey of the individual ratings reveals an astonishing 
diversity of relative efficacy. The ratings of J and Da are the only ones that 
approximate the group rating. The ratings of G and Dr more nearly approxi- 
mate the average rating of the individual scores. The rating of B and K can- 
not be counted properly, since for K, Experiment III, and for B, Experiment 

IV, were acquired in a manner similar to Experiment I. 

We need not be too willing to accept either the group or individual ratings 
as conclusive. The danger of statistical treatment is always that certain im- 
portant factors are masked, while others less important are augmented by 
virtue of the quantitative determinations. We shall attempt to interpret these 
ratings by reference to the nature of the associations formed in each experiment 
and the adequacy of the various tests to these formations. Only in this manner 
can we actually be sure that we are weighing relative degrees of efficacy. 

(2) Efficacy of contexts of rhythm and sound-pattern. The 
contexts of rhythm and sound pattern, utilized in Experiment I, 
were the most ineffective from the standpoint of economy in 
assimilation. They ranked next to last in all the tests of paired 
ligation. But when the serial ligations were tested after an inter- 
val of time, those series in Experiment I were reported with fewer 
promptings than any other. The position of this experiment 
relative to the efficacy of Experiment IV is a question. But 
of the 5 Os whose records may be cited, 3 show Experiment IV 
to be superior to Experiment I. 

(8) Efficacy of contexts of rhyme and inversion. According to 
the average ratings, obtained by both methods, the contexts of 
Experiment II were the most efficacious. Aside from these quan- 
titative measures the Os’ reports indicate that the contexts of 
rhyme and inversion are readily accessible in connection with 
nonsense syllables. Experiment II rated first in two tests, 
second in three tests, and third in only one. It is probable that 
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4 
G 3 | 
B 3 4 
Da 3 4 
Dr 3 2 
Ave. 2.63 2.33 
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the effectiveness of this experiment lies in the fact that the con- 
texts employed were intrinsic (and so did not involve reading into 
the material any outside or extraneous significances.) Compared 
to the extrinsic aid of sound pattern alone (Experiment I), these 
contexts are immensely superior. Compared to the eztrinsic 
logical aids of Experiment III, their relative efficacy is more 
equivocal. If we exclude Tests 1 and 6 (on the grounds that they 
do not refer especially to paired ligation) we find their rating 
equally balanced. The individual ratings show that Experiment 
II is rank first for five out of six Os. 

(4) Efficacy of logical contexts. Experiment III ranks a close 
second to Experiment II throughout the course of our research. 
In all the measures it will be noted that the average differences 
between the two are very slight. A more decisive test of the 
relative efficacy of these two types of context could not be made 
at the time. But if neutral syllables were given to the Os under an 
instruction for free association after an interval of a year, then we 
might determine which of the contexts had become more function- 
ally effective. Test 4 indicates that the logical contexts tend to 
be utilized more freely with time.*® 

(6) Efficacy of symbolic contexts. It is generally assumed 
that meaningful sequences of words are the most efficacious of 
associative formations. Our results do not bear out this as- 
sumption. Only in the matter of economy does the symbolic 
context rank first (Experiment IV, Test 1). It ranks second to 
sound pattern and rhythm in Test 6 and last in all the other 
tests. The average individual ratings place it second for three 
Os, and fourth for the other three. It may be argued that our 
version of symbolic contexts in Experiment IV is not exactly 
equivalent to those carried by a series of words. But even if this 
were granted, our results would serve to obliterate the wall which 
some psychologists would build to separate these meaningful 
sequences from nonsense syllables in general. 

(6) Significance of context. The reports of our Os throw con- 
siderable light upon the problem of organization and context, 
which was discussed briefly in the introduction. Two things were 


s°The underscoring of letters offered, of course, a strong tendency to per- 
form in this manner. On the other hand, results from an unpublished research 
of our own show that the logical shift of letters may go on just as effectively 
without their objective scoring, both in connection with formerly associated 
syllables and with new ones. 
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said to happen during the assimilation of a series of items. The 
first was the development of the integration of these items. The 
second was the development of the context of the integrations. 
We have first to inquire how items are integrated and later how 
context develops from this process. 

It is the common opinion of modern associationists that ‘bonds’ 
arise out of repetition of items connected in space and time. But 
all these factors are external. They are quite foreign to the actual 
processes underlying the integration of the items. ‘Association’ 
itself must also be assumed to be foreign to the items, for by it 
they are brought together. Our results bear out a contrary con- 
tention, namely, that it is the procedures during assimilation 
that give rise to associative organizations. 

Ample support for the view that secondary operations are es- 
sential for associative formation was furnished in Experiment I. 
There, in the absence of ready-to-hand contexts, O created an 
extrinsic aid in the form of a rhythmical pattern. This was done 
from apparent necessity. In subsequent experiments the sug- 
gested contexts made for increased effectiveness. In every 
experiment we found the Os actively trying to organize the 
materials in order to get them to adhere in reproduction. The 
procedures employed in this task are organic. They are func- 
tionally related to the items. By making them the factors re- 
sponsible for the integration of this material we escape the use 
of external agents and forces. Here ‘association’ is simply the end 
product of organization and not an external initiator and ‘binder.’ 

The exact relation of context to the procedures employed in 
assimilation is, in many instances, far from clear. We could of 
course begin with the assumption that items are already organized 
(have a context) and that in assimilation the organism simply 
apprehends this significance. But this will not explain those 
cases where no particular organization is suggested. If the or- 
ganization is always inherent in the arrangement of the material, 
why will so many differing modes of operation be used in its 
assimilation? The answers to these questions are not easy. They 
involve a careful survey of the nature of the assimilative process. 
Prior to making a detailed study of the development of context 
we shall quote briefly and at random from the reports of our Os. 
These reports support the contention that context is simply the 
result of organic operation. 
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J. At first the syllables have little meaning. But as the syllables become 
more familiar, a way of associating them seems to come in automatically. 
This is what I should call the second stage of assimilation; the importation of 
a context that unites the pairs. 

Da. I find that I always localize the series in groups. At reproduction, few 
syllables come that are not within some such (contextual) setting. 

. Before the hour was over I suddenly hit upon the idea of making the 
syllables fit a rhythm. As I said them over in this way, they seemed to take 
on added significance. 

B. Each syllable had its place in this rhythmical cadence. 

A. The tying together of the total series seems to have something to do 
with the rhythm I employ as I say them. That is, the syllables seem to hang 
together by virtue of the rhythmical ‘run’ of the sounds. 

G. I found that later I was trying to get a meaning to refer to the series 
asa whole. The change in the way I was working upon the syllables hindered 
getting their exact form in some cases. I found also that the rhythm of the 
series followed the pauses in meaning rather than the system I used in the 
former experiments. 

K. I was able to get the significance of all the series today. Having ob- 
tained it for one, I set myself to see if there was any (symbolic) meaning to the 
rest of the series. Only snatches came at the same time and the groupings of 
the syllables followed these snatches rather than the usual form. 

It will be recalled that the Os were asked to report upon the 
various ‘stages of assimilation.’ We did not have, of course, 
any definite idea of what these stages were. But we assumed that 
if assimilation was largely a process of organizing presented 
materials, certain changes in the course of this process would be 
observable. A survey of the Os’ protocols reveals a strong ten- 
dency to utilize contextual aids almost from the initial repetition 
of a series. While individuals vary widely as to specific procedure 
used, the general progress of assimilation is much the same in all 
cases. (1) Apprehension of the material, e.g. as a series. of 
syllables to be assimilated. (2) An active search for any aids 
or cues to performance likely to be useful in assimilating the 
material. (3) A period in which various procedures are tried 
out in a tentative manner. (4) The selection of a particular 
performance and the discarding of other extraneous aids. (5) A 
period in which the selected procedure is perfected and the total 
performance becomes organic. 

It is not our idea that all stages of assimilation are equally 
well marked. We must also allow the possibility for a progress 
directly from the first stage to the last (this is true in case an O 
has settled upon a method of organizing the materials prior to 
their presentation.) 

The following are descriptions of the several stages listed above. (1) During 
the first few repetitions of a new series of syllables O is occupied with appre- 
hending the significance of the syllables as discretes. That is, he becomes 
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familiar with their individual sight and sound. During this time he notes that 
certain of them are ‘harder to say’ than others. This is followed by a more 
specific orientation to the series. It is, for example, “the same length as those 
of last experiment”’ or it is found to have new or “novel’’ features. The follow- 
ing report of Da is typical of this initial stage of assimilation. 

Da. The first few repetitions were taken merely for purposes of orienta- 
tion; an attempt was made to familiarize myself with the sound of the syllables, 
with the number in a series and with the number of series in the experiment. 
Not until all this information is collected can any definite procedure be settled 
upon. The syllables are apprehended as being in a series but no associations 
have been built up as yet. 

(2) Very often some cue as to procedure has come out of the initial ap- 
prehension of a series of syllables. They frequently suggest their own organi- 
zation of context (intrinsic.) But in the absence of such aid, the versatile O 
will turn all his functional resources to the task of finding some method (or 
extrinsic aid) by which the items may be integrated. The second stage of 
assimilation is primarily a period of search. It is the time when extraneous 
associations are most abundant. The series reminds the O of a “group of 
Scandinavian words” or it is noted that “the first letters of the last five pairs 
spell a word.” 

(3) In the preceding stage various possibilities for organization were 
turned up for consideration. The next period, which may be either of long or 
short duration, is occupied with the trial of several procedures. A reference to 
the operations tried by the various Os in Experiment I shows how diverse these 
procedures may be within a single experiment. 

(4) As a result of trial, certain procedures are selected as holding possi- 
bilities while others are discarded from further consideration. In case there 
is a strong suggestion (in the arrangement of the material) for a particular type 
of operation, this procedure may be chosen immediately as the most advanta- 
geous. But a reference to the detailed treatment of results shows that even 
here O may select some other procedure than the one so carefully arranged for. 
The following reports are typical of the progress of assimilation up to this point. 

Da. Again certain secondary cues were utilized as aids in attempts to 
memorize; a slight attempt was made to group the syllables. An attempt was 
also made to link each pair with its absolute number in a series, etc. . . . Among 
the number of means tried, the matter of grouping seems to offer the greatest 
possibilities. 

Dr. This rhythm works fairly well, I think. I am going to keep at it 
and see if it will Sale. 

J. The thing that struck me was that there was some pattern or arrange- 
ment to the series. First I noted that the letter marked was changed to form 
the next syllable. I do not see the exact significance of the line as yet, but I 
have decided to work on it in the hope that it will provide an easy means of 
learning the syllables. 

(5) The stages described above usually take place in a short interval of 
time. Now there occurs a longer period in which the selected procedure be- 
comes a functional part of the total performance. The performance is very 
crude at first, but it acquires perfection with time. Various embellishments are 
dealt with successfully. The following reports of Da are representative of the 
development of a context (rhythmical grouping) in connection with serial 
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ligation of syllables. The reports of A are also included as typical of the difficulty 
occasionally arising from a clash of contexts uniting syllablesin pairs and in series. 

Da. The larger unit of fifteen was first divided in three smaller units of 
five each. The first and last member of each of these groups was attended to, 
and at subsequent repetitions more and more syllables within the group were 
attached to these pillars. 

Today the middle member of each group of five was particularly noted and 
stressed, so that by the last repetition a great number of pillars were recognized 
in their respective positions. Then, in order to differentiate more clearly the 
three groups of five in a series, the first group was projected to the right, the 
second in the middle and the third to the left. 

I found today that special projection upon a piece of writing paper was more 
effective for reproduction than is the system formerly used. I have found it 
convenient to count the members of a group of five upon my fingers during the 
presentations. 

Particular attention is still given the initial pair of each group, for I find 
that if this pair is retained, the rest of its group can generally be reproduced. 

A. In general I find that the significance of the pairs as rhymes and 
inversions gets in the way of the context uniting the total series. I try to get 
the feel of these rhymes, as rhymes, and yet there seems to be a counter 
tendency to get them into runs and groupings. Certain runs hang and are a 
unit irrespective of the paired connections. Again, another principle of group 
formation comes out. I feel that a group is put together in the same way as 
we learn to pronounce a long word. We put different sounding syllables to- 
gether and make a whole of it. Somehow, as soon as we get the merging it is 
then a unit and means a particular thing. 


Orientation, search, trial, selection, and perfection—all of 
these general performances may be involved in assimilation. 
But most important, from the standpoint of the organization of 
the items themselves, are the specific secondary operations used in 
their integration. These procedures are intimately connected 
with the context which the organized items assume. In fact, as- 
sociation is impossible without a particular organization or con- 
textual setting. But it is not enough to go only this far into the 
significance of context. We must ask how it is developed, whence 
it comes. We have suggested in this connection that the con- 
texts of associative formations are the results of the secondary 
operations employed in their organization. The organism sets 
about the task of assimilating a series of items in a certain way. 
Sooner or later it becomes aware of its procedure; or the signifi- 
cance may be identified in the items themselves. This exposition 
is, of course, only a hypothesis. But it offers the possibility of 
leading us out a bit from that blind alley into which most con- 
siderations of context (or meaning) usually take us. Certainly 
the time has passed when we can treat context as a mystical factor 
in associative formation—a thing to be brought quietly into the 
realm of psychological thought only where logical distinction 
fails to provide adequately for its absence. 
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CoNCLUSIONS 

(1) The alleged conditions of association need to be restated 
to take into account the organic variables underlying associative 
formation. Their present form is altogether too gross. 

(2) Context is an essential feature of associative formations. 
The alleged linkage of meaningless items through repetition simply 
does not occur. The contexts of association result apparently 
from the procedures or secondary operations used in their organi- 
zation. Assimilation is simply an active progress towards com- 
plete organization, involving many specific changes in procedure 
and in formulated instructions. 

(3) Relative economy in assimilation and in memorial effi- 
cacy results from differences in operation and not (as has fre- 
quently been alleged) from differences in stimulus material. 
Nonsense syllables may be used to study many types of con- 
textual aid usually attributed only to meaningful material. 

(4) The results of an elaborate investigation of relative 
efficacies show the intrinsic aids of rhyme and inversion slightly 
superior to all other aids included in the tests. Logical contexts 
are almost as effective as the intrinsic aids; they tend to become 
even more effective with time. Symbolic contexts (typical of 
‘meaningful’ sequences) result in rapid and flashy assimilation but 
are less organic after an interval of time than are many of the 
sound rhythms acquired in Experiment I. The efficacy of these 
latter contexts has been somewhat underrated. 

(5) The strength of associations cannot be reliably measured 
by the method of associative equivalents. Intended failure reactions 
are determined by reformulation of instruction and not according 
to the ‘frequency’ concept of Ach. Traces of contextual organiza- 
tion are more important in determining what will be reproduced 
than are the absolute ‘bonds’ between individual items. O 
frequently reproduces similar organizations which are incorrect 
so far as the identity of the members is concerned. These func- 
tional residues are present whenever conditions are similar to 
those operative in the original acquisition. 
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PERCEPTION IN THE REGION OF THE OPTIC DISK? 


By Carterton F. University of Buffalo 

Perception of light when the rays fall upon the blind spot and 
the interpretation of such phenomena as due to the diffusion of 
light through the refracting media of the eye have been well 
established in the tradition of physiological optics. In 1925 two 
investigators, Stern? and Feinberg,’ challenged this tradition, 
assured that their results were destructive of any explanation of 
such visual phenomena upon the basis of diffuse illumination or 
“benachbarten (falsch) erleuchteten Netzhautpartien.”’ More- 
over, Koffka (1924) concluded, in a preliminary report of Stern’s 
investigation, that “it is impossible to explain these movement- 
impressions by ‘higher psychological functions’ built on the simple 
sensations, as, in the case described, these supposed simple sen- 
sations cannot be produced.’* It is with these interpretations 
that the experimental investigation presented in the following 
pages is concerned. Disregarding altogether the question of 
“higher psychological functions,” some doubt arises as to whether 
the simple sensations productive of the movement impression were 
experimentally excluded in the investigations of Stern and Fein- 
berg. It seems possible that the visual phenomena described by 
their subjects may be successfully demonstrated to result from 
a diffusion of light through the refracting media of the eye, with 
consequent stimulation of sensitive retinal areas surrounding the 
blind spot. There are several types of this illumination of the eye 
from indirect excitation. 


*Accepted for publication August 25, 1929. 

1The writer wishes to express his gratitude to Professor Raymond Dodge 
Institute of Psychology, Yale University, under whose guidance this investi- 
a? has been carried out; and to acknowledge his indebtedness to Dr. Harold 

. Bingham, Dr. C. M. Louttit, and Dr. Sidney M. Newhall for valuable 

suggestions and assistance, and to Dr. Ernest M. Ligon, Dr. Roland C. Travis, 
and Mr. E. R. Hilgard for their services as subjects. 

°K. Koffka and A. Stern, Die Wahrnehmung von Bewegungen in der Gegend 
des blinden Flecks, Psychol. Forsch., 7, 1925, 1-16. 

3K. Koffka and N. Feinberg, og Untersuchungen iiber die 
Wahrnehmung im Gebiet des blinden Flecks, idem., 16-44. 

‘K. Koffka, The perception of movement in the region of the blind spot, 
Brit. J. Psychol., 14, 1924, 273. 
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(1) The specific astigmatic diffusion images due to the inaccuracies of the 
refracting media of the eye. 

(2) A general hazy illumination, such as the halo or balloon of light 
commonly seen around a bright spot of illumination like an arc light, has been 
frequently observed and described. This may be experimentally produced by 
illuminating the cornea from the side. It is probably due, in large part, to the 
illumination of the numerous semi-opaque spots with which the eye abounds. 
Vogt (1913) mentions the particles in the lens and humours, comparing their 
reflections with the actual fluorescence of the human lens: “Die menschlichen 
Linse, auch die normale, ist nie optisch leer, d.h. in ihrem Innern finden sich 
stets Teilchen, die eine Reflexion auf die treffender Strahlen herbeifiihren.’’ 
Raman (1919) points out that such visual phenomena “have to be referred to 
the diffraction of light by a large number of particles of more or less uniform 
size included in the structure of the refractive media of the eye... These 
structures in the living eye are presumably to be localized in the cornea and in 
the vitreous humor, as histological evidence of the existence of cellular structures 
in these bodies is available.”* Sheard (1919) studied the colored rings and 
coronae surrounding luminous sources and found them to be due to the dif- 
fraction of light by constituent parts of one (or more) of the ocular media.’ 
He attributed the rings and the parts of the coronae to diffraction by specific 
fibers and cellular layers. Michelson (1924) describes the muscae volitantes as 
due to the impression produced on the retina by the diffraction patterns created 
by particlesin the vitreoushumor.* Troland (1922) saysthat “the concentrically 
laminated structure of the crystalline lens is responsible for the ‘rays’ seen on 
points of light against a dark background; general diffusion of light within the 
eye appears to result from the slight turbidity of all of the ocular media; and 
the highly specialized structure of the retina itself may produce many detectible 
modifications in the image.”* He summarizes the situation as follows: “‘it is 
not at all certain that we can arrive at a correct analysis of the retinal functions 
without taking into consideration the effects of intraocular scatter, diffraction, 
and absorption.’’!° 

(3) The extra-orbital illumination, which may proceed from any partially 
transparent or reflecting object within the total field of vision. Particularly 
important are such anatomical objects as the nose, cheek, eyebrows, eyelashes, 
and the edges of the eyelids. The lids are most disturbing, for their mirror-like 
surfaces give rise to phenomena of extreme brilliance—long bands of light 
streaming down from the image, or streaking upward. They may be recognized 


_ 5A. Vogt, Analytische Untersuchungen tiber die Fluoreszens der mensch- 
lichen Linse und der Linse des Rindes, Klin. Monatsbl. f. Augenhk., 51, 1913, 129 ff. 

6C. V. Raman, The scattering of light in the refractive media of the eye, 
Phil. Mag., 38, 1919, 568-572. 
_ ™C. Sheard, Diffraction in the human eye and the phenomenon of colored 
rings surrounding luminous sources, Amer. J. Ophth., 2, 1919, 185-195. 

8A. A. Michelson, On the effect of small particles in the vitreous humor, J. 
Opt. Soc. Amer., 9, 1924, 197-200. 

°L. T. Troland, The present status of visual science, Bull. Nat. Res., 5, 1922, 
(no. 27), 65. 
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by the fact that their position and brightness with relation to each other change 
as the head is turned on its vertical axis; their length varies as the eyelids twitch. 

(4) The intraocular reflections from the surfaces of the cornea and the 
lens. These probably become obvious only in the entire absence of other 
factors. Tscherning (1894) lists seven images within the eye due to these 
reflections.” 

Thus it seems quite likely that a beam of light directed solely 
upon the blind spot may have fractions of itself so distorted by 
these various refractive anomalies that sensitive elements of the 
retina are stimulated. The working hypothesis was adopted, 
therefore, that the visual phenomena which occur when stimulating 
light-points fall within the optic disk are the result of diffuse 
stimulation of sensitive retinal elements surrounding the disk, as a 
consequence of the dispersion of the stimulating light by and 
through the refracting media of the eye. Confirmatory evidence 
of this hypothesis would seem to be indicated if the visual pheno- 
mena were found to be dependent upon the intensity of the 
stimulating light-point and upon its position relative to the sur- 
rounding retinal areas. That is to say, a beam of light falling 
upon the center of the blind spot would be attended by less per- 
ceptible diffusion than one of equal intensity falling within the 
disk, but close to its edge, for the latter would carry diffuse 
illumination to retinal areas more distant from the blind spot and 
more intense illumination to those nearby. If, then, when main- 
taining a fixed size of the object, it should be found that the in- 
tensive threshold for the edge of the blind spot is lower than that 
for the center, diffusion would appear a not unreasonable basis for 
this perception of light when sensitive retinal elements are not 
directly stimulated. Further, if a ray of light falling within the 
optic disk, and close to its edge, is suddenly increased in intensity, 
there will probably ensue a quick increase of diffusion, which may 
readily be perceived as a sudden spreading out of illumination, or 
even as movement in the general direction which the image 
occupies relative to the center of the disk. These represent the 
more specific problems with which this investigation is concerned. 


I. THRESHOLDS FOR INTENSITY 
Apparatus. With the first problem thus defined as a quantita- 
tive study of intensive thresholds for two different areas of the 
optic disk, it was clear that the technique must be designed to 


uM. Tscherning, Un reflet intra-oculaire, Arch. de. Physiol., 6, 1894, 158-162. 
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control particularly the following variables: (1) the intensity of the 
stimulating light ; and (2) the specific area of the blind spot affected, 
a factor dependent upon adequate control of fixation. 


The apparatus, which may be called a tachistoscope for illumination of the 
optic disk, is shown in Figs. 1 and 2. It consists of five parts: a base (Fig. 2 
A, Ai, A), which serves merely to support the other parts and to bring about 
their proper spatial interrelationship, a head-rest (B), a field-screen (C), a 
control-shutter (D), and a light-box (E). 

The light-box is 143 cm. by 19 cm. by 19 cm., open at one end, the other end 
equipped with a milk-glass window (a),5.5cm.by 12cm. Thesource of illumin- 
ation is a 75-w. mazda lamp, so fastened to a wooden base as to lie horizontal, 
with the plane of its horseshoe filament parallel to the surface of the milk-glass. 
A long wooden rod attached to the lamp-base and extending through the open 
end of the light-box permits movement of the lamp toward or from the milk- 
glass window, with consequent variation of the illumination at that surface. 
The upper surface of the rod bears a scale of light-units (constructed according 
to the Inverse Square Law), which is read against a beveled brass strip across 
the open end of the light-box. 

The field-screen (C), a black screen large enough to conceal the light-box 
and control-shutter and to present a relatively homogeneous visual field, stands 
between the light-box and the subject, 6.4 cm. from the milk-glass surface. In 
the screen, concentric with the approximate center of the milk-glass window, is 
a circular aperture, 5 cm. in diameter. To the S’s left of this aperture lies the 
fixation-object. It consists of a square of black cardboard, 9 cm. by 9 cm., 
mounted on a black thread which passes around the field-screen. This part of 
the device is invisible against the background of the screen, and at the same 
time is adjustable either vertically or horizontally by movement of the thread in 
appropriate directions. A rubber band inserted in the course of the thread 
facilitates this adjustment. On the black square is a white cross, whose arms 
are 8.7 cm. long by 0.5 cm. wide and are traversed by black lines 0.5 cm. apart. 
At the junction of the white arms is a small black cross, 0.5 cm. square, which 
serves as the actual fixation-point, while the arms of the white cross are a device 
for centering the 5 cm. aperture within the optic disk. 

The head-rest for S stands about a meter distant from the field-screen and 
is constructed to bring S’s eyes on a level with the 5-cm. aperture. It is so 
attached to the base as to form an angle of approximately 20 degrees with the 
surface of the field-screen, thus directing S’s line of sight for the normal position 
of the eye in the general direction of the fixation-object rather than toward the 
aperture. Three points of contact fix the position of the head—the forehead, 
the bridge of the nose, and the under surface of the chin. The forehead-rest is a 
wooden block cut to fit the forehead. To its under surface is attached, by means 
of a thumb screw, a small piece of wood shaped to fit the bridge of the nose, and 
adjustable thereto. The chin-rest is a wooden block brought up tight under the 
chin after forehead and nose have been properly fixed. 

Vision is excluded from the left eye (only the right eye was utilized through- 
out the investigation) by means of a small square of black cardboard attached 
to the under surface of the forehead-rest. 


| 


Fic. t. PHOTOGRAPH OF THE APPARATUS 


Fia. 2. OvuTLiInE DRAWING OF THE APPARATUS 


2 
r 
c|| 
Shave 
| A 
ne 


PERCEPTION IN THE REGION OF THE OPTIC DISK 217 


Reflection of light from the eyelashes and eyelids is eliminated by the use of 
a small screen of blackened tin,-4 cm. by 7.5 cm., its edge to S’s right pivoted to 
the horizontal arm of a right angle, the vertical arm of which is pivoted to the 
forward surface of the forehead-rest. The screen is thus brought within 2 cm. 
of the cornea of the right eye. In the upper left corner of this screen is a hori- 
zontal slit, 8 mm. by 3 mm., which permits inclusion of both the fixating device 
and the stimulus-aperture within the visual field. Sufficient vertical and 
horizontal adjustment of the slit is secured by the pivotal attachments at the 
screen and forehead-rest. The distance from the eye-slit to the field-screen is 


87.2 cm. 

The control-shutter (D) determines the position which the stimulus-object 
occupies within the 5-cm. aperture. It is a strip of black cardboard containing 
a circular hole 4 mm. in diameter and sliding either vertically or horizontally 
immediately behind the aperture in the field-screen, 5 mm. from the screen and 
5.8 cm. from the milkglass. A projecting arm from the shutter carries a pointer 
which passes over a scale calibrated with the position of the image in the 
aperture. 

Experimentation took place in a dark-room, in a general 
illumination produced by a 60-w., carbon-filament lamp, hanging 
in a reflecting shade against the wall, behind and above S. The 
perpendicular distance from the lamp-filament to the level of the 
center of the stimulus-aperture is 135.5 cm., and the horizontal 
distance from the lamp-filament to the plane of the field-screen 
is 209.6 cm. 

Since the open end of the light-box lay in the shadow of the 
field-screen, there was attached to the upper surface of the box at 
that point a 10-w. carbon-filament lamp (d in Fig. 2), so screened 
as to permit reading of the scale without throwing light in the 
direction of S. A double-throw switch (c) controls both this read- 
ing-lamp and the source-lamp, the wiring being such that both can 
never be illuminated at the same time. 

Except for the necessary observation-opening, the S’s head is 
inclosed, so that all extraneous light, which might cause reflection 
from the various parts of the head-rest, is excluded. All parts of 
the apparatus were painted a dull black. 


Control of fixation. Control of the specific area of the blind 
spot affected is naturally of vital importance in the problem. 
What assurance is there that the stimulus-light actually falls 
within the blind spot? If one attempts to have the stimulus-image 
fall within the disk, but close to its edge, how can one be certain 
that unavoidable shifts of fixation do not bring the image upon 
sensitive areas of the retina? The problem of fixation has been a 
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source of error and discouragement in much visual experimenta- 
tion, and has yet, it seems, to be adequately solved. 


The device used in this investigation has been relatively satisfactory. At 
the initial experimental session with an S, two adjustments of it are necessary. 
A piece of white cardboard is inserted immediately behind the 5-cm. aperture in 
the field-screen, so that S faces a black field, in whose center is a 5-cm. white 
circle. In the first, or crude, adjustment the fixation-device is merely brought 
to a position where fixation of its central black cross causes the 5-cm. aperture 
to disappear in the blind spot. S is then instructed to fixate each of the black 
transverse lines of the right horizontal arm of the white cross, beginning at the 
center, reporting at which line, or between which lines, he first gets a glimpse 
of the white circle. He then does the same on the left horizontal arm. If he 
reports the white first glimpsed at the second line to the right and at the fifth 
line to the left, the blind spot is clearly not horizontally centered about the 
aperture; and the fixation-device is moved until the white is first glimpsed at the 
same spot on either horizontal arm. When this same process has been gone 
through for the vertical, one may assume that the 5-cm. aperture is pretty well 
centered within the blind spot so long as fixation is held upon the central black 
cross of the fixation-device. Thus it follows that if the control-shutter is so 
adjusted that the stimulus-object is in the center of the aperture, that object 
falls reasonably close to the center of the optic disk; or if it is near the edge of 
the aperture, it falls rather near to the edge of the disk. 


During the course of experimentation the blind spot was centered at the 
beginning of each group of presentations, and its centering verified at the end of 
each group; but it was rarely found to be more than half-a-division off, and had 
usually not wavered perceptibly. It was also evident that if the fixation 
wavered at the moment of presenting the stimulus, the phenomenon observed 
was so different as to bring from S an immediate report of lost fixation. 

A further advantage of the device is what might be called a self-contained 
check. The negative after-image of the white cross clearly appears whenever 
the fixation wavers, and so S may be instructed to use its appearance as a 
check upon his fixation. 

After an initial session, measurements of the positions of the fixation-device, 
of the nose-piece, and of the chin-rest are taken for each S, so that they may be 
re-set for succeeding sessions. 

A somewhat similar device for fixation, involving a means of centering the 
blind spot about a stimulus area, was used by Feinberg in 1925. In the screen 
which his S faced were cut, at the left, a horizontal slit, behind which the 
fixation-point could be moved, and, at the right, a system of slits radiating 
in eight directions from a circular center. ‘‘Der Fixationspunkt konnte so ein- 
gestellt werden, dass das Zentrum des blinden Flecks mit dem Zentrum des 
Schlitzsternes zusammenfiel.”” Just how this was accomplished is not de- 
scribed; but since Feinberg’s first procedure was to map out the blind spot 
along the rays of the system of slits, it is probable that having measured the 
distance from the center of the mapped area to the position of the fixation- 
point used in the mapping process, he then moved his fixation-point so that the 
center of the mapped area coincided with the center of the ‘‘Schlitzstern.” 
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Procedure. Preliminary experimentation with eight Ss gave 
immediate evidence of a difference between the thresholds for the 
center and edge of the optic disk and confirmed the adequacy of 
the fixation-device; but it also revealed the frequent occurrence of 
bi-retinal rivalry during the course of observation. To clear it, S 
was instructed and signaled to wink immediately before the pre- 
sentation of the stimulus. This control, combined with S’s own 
awareness and report of the presence of the rivalry, proved fairly 
satisfactory, but by no means complete. 

Using two Ss from this preliminary group and three who were 
without experience in the experiment, intensive thresholds for the 
center and for the edge of the optic disk were secured by means 
of the Method of Constant Stimuli. For three of the Ss, limens 
were secured for the center of the blind spot and the edge to the 
S’s right, z.e. the right of the projected blind area; for the other 
two, they were secured for the center and the edge to the S’s left. 

The experimental procedure was relatively constant, varying 
only with the exigencies of the session. After a fixed period of 
dark-adaptation, adjustments of the head-rest were made, and S 
proceeded to center the blind spot around the stimulus-aperture 
in the manner already described. The instructions to him were as 
follows: 


You will please keep your head as immovable as possible throughout 
the session. 

Maintain constant fixation upon the central black cross of the fixation- 
device, using the position of the after-image as a check. 

Direct attention, without loss of fixation, toward the periphery.” 

When £ says ‘Wink,’ do so and quickly regain fixation, opening your 
eyes as widely as possible. 

You will then hear the following warning signal (two short raps), and 
one second later there may, or may not, be a change in the illumination of 
your right eye. If you perceive any such change, report by rapping. If 
not, remain silent. 

After about five observations the experimenter will say ‘Series,’ after 
which you may wink your eyes naturally as frequently as you wish, until 
you again receive the signal to wink. 

If at any time your fixation has been poor or you were in any other way 
not ‘set’ for the stimulus, report to that effect. 


The detailed procedure in presenting each stimulus, then, was: (1) signal to 
wink, two seconds; (2) warning signal, one second; (3) stimulus on, one second; 
(4) stimulus off. These times were determined merely by watching the moving 
hand of a stop watch. 

Five equally spaced stimulus-values were selected for each of the two 
positions of the object, and each value was presented one hundred times, 


The Ss understood this to mean that, although fixation was upon the black 
cross, attention was to be directed toward the stimulus-aperture. 
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making a total of one thousand observations, and allowing each limen to be 
calculated upon the basis of five hundred cases. This was accomplished in 
seven sessions for each S. In addition to ten practice exposures, 150 (75 for 
each position) were presented in each of the first six sessions, and 100 in the 
seventh. These were presented in four groups of 35 and 40 each, the S being 
permitted a 3-min. rest between each group. Within the group the stimuli 
were presented in chance order in series of 5, with a few seconds rest between 
each series. The sessions were usually held at the same hour upon successive 


days. 


Results. Calculation of the limens from the data obtained 
gave the results shownin Table I. These values are in terms of the 
arbitrary scale of light-units. Their equivalents in meter-candles 
may be determined by reference to the values in the table of 
photometric readings which appears at the conclusion of this 
paper. 

TABLE I 
InTENSITY THRESHOLDS FOR THE CENTER AND MARGIN OF THE BLIND Spot 
S Le PE Lr Ll PE Diff. 


H 281.47 6.29 165.87 : 115.60 
Li 131.39 4.64 104.64 i 26.75 
Lo 259.74 5.07 186.76 : 72.98 
N 137-73 5-31 104.77 3-95 32.97 


4 66.15 4.10 51.73 3.80 14.43 


Le = limen for center of blind spot; Lr = limen for edge of blind spot to S’s 
right i LI] = limen for edge of blind spot to S’s left; Diff. = difference between the 
two limens. 


There is a significant difference between the two thresholds. 
The curves of the frequencies obtained experimentally coincide 
consistently with the theoretical psychometric function curves 
based upon the data obtained, except in the case of the Lr for H. 
Here there occurs an inversion of the first order. The difference 
between his two thresholds—greater than in the case of any other 
S—is so great, however, as to demand recognition, despite the un- 
reliability of the calculated Lr. With the exception of the results 
for H, the ratio of central to marginal threshold is approximately 
constant. 

Effects of practice. Although no special attempt was made to 
study these effects, the observations were scattered over a pro- 
longed period and are in sufficient quantity to permit approxima- 
tion of a practice curve. There was nothing, either in the explora- 
tory or later investigation, which could be unequivocally inter- 
preted as a lowering of the threshold after practice. Whatever 
increase in sensitivity occurred was immediate (within the first 
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session or two), and seemed due to the attainment of familiarity 
with the phenomenon to be observed. This is in agreement with 
Seashore and Kent’s (1905) conclusion that there is ‘“‘no notice- 
able gain from practice in simple perception and simple dis- 
crimination, after the observer has clear knowledge of the nature 
of the stimulus.’’ 


For one S, Lo, the data superficially gave something like the appearance of 
a drop in the threshold due to practice. The drop, however, was sudden 
rather than gradual and accompanied by an introspective report which sug- 
gested something different. There are, for this S, preliminary data gathered 
over a period of seventeen days, observations having been made daily. For 
the first thirteen days the threshold for the center of the optic disk ran along 
at a point varying between 300 and 400 light-units. On the fourteenth day it 
suddenly dropped to a point between 200 and 260 and remained there, not 
only for the remaining four days of this particular period, but throughout the 
investigation. The effects of practice, of course, are not evidenced by sosudden 
a shift. The introspective report mentioned was volunteered by the S, and 
came at a time in the extended period of experimentation When he had long 
since ceased to report on the nature of the phenomenon, but had become familiar 
with it and settled down to quantitative response. The report was as follows: 

“Light is diffused and thrown into whole eye, while previously it has 

been more of a beam. Now conscious of it more when it goes out than 

when it comes in.” 
Evidently some sort of subjective shift took place.. What happened? Did 
the S change his ‘‘Aufgabe?” His criteria? His attitude? Was there a sudden 
“Einschnappen” and closure of the “Gestalt?” Whatever occurred, it can 
scarcely be attributed to practice. 


Observers’ reports. The following facts represent a summary of 
oral and written reports obtained from ten Ss after or between 
experimental procedures. 


There was general agreement that the light seemed to issue indirectly rather 
than from a direct source; some Ss suggested that it was reflected rather than 
direct light. Usually the phenomenon was reported as only a change in il- 
lumiaation, presenting no shape other than an indefinite, roughly circular 
haze. “Big balloon,” “flash,” ‘“‘bright haze,” “glow,” “indirect illumination 
of the whole retina,’”’ ‘‘distinct shine,’ and “irradiation within the eye,’’ were 
some of the descriptive terms used in the retrospective accounts. When the 
stimulus-object was on the edge of the blind spot, three Ss occasionally re- 
ported it to be crescent-shaped. One reported that at the lowest intensities 
his cue for a change seemed, in rare instances, to be of a tactual nature rather 
than visual, because there seemed “no definite visual sensation, yet the major 
portion of the retina seemed affected.” 


13C, E. Seashore and G. H. Kent, Periodicity and progressive change in 
continuous mental work, Psychol. Monog., 6, 1905, (no. 28), 46-101. 
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The seat of stimulation was not readily localized by any of the Ss. Some 
localized it within the eye, others at the screen; two were able to localize the 
change at times out in the field, in the general vicinity of the screen, and at 
other times actually within the eye. Indeed, they sometimes found it necessary 
to concentrate attention upon either one of the two places. 

Of particular interest was the quite universal report that at the lower in- 
tensities the change in illumination was most frequently perceived as the 
light “went off’”’ rather than as it appeared. 

Two of the Ss reported considerable disturbance from the fluctuations of 
the field, particularly at the lower intensities. 


II. AppaARENT MovEMENT 


Apparatus. The apparatus described above was used in this 
second part of the investigation, with modifications to produce the 
sudden increase in the intensity of the stimulus. 

A second source-lamp, mounted upon a carriage similar to that of the 
source-lamp already described, and moved in the same manner, i.e. with a 
wooden rod bearing a scale of light units, was placed in the light-box, im- 
mediately behind the original lamp. The base upon which this second lamp 
was mounted was so elevated that its illumination would not be interfered 
with by the shadow of the forward lamp. The wiring of the two lamps was 
such that closure of one switch illuminated lamp A, while closure of a second 
switch illuminated lamp B, permitting lamp A to remain lighted. The in- 
tensity of the stimulus-light could thus be instantly increased from that of 
lamp A to that of A plus B. Since the second lamp could not be constructed 
to overlap completely the forward one, the maximal intensity obtainable from 
the former was 525 light-units, making a total obtainable intensity of 1525 
units. The same factor of structure limited the size of the intensive differences 
obtainable, but not sufficiently to restrict experimentation; for it was possible 
to increase the intensity of the stimulus from threshold by any number of 
units up to 1000. It must be clearly understood, however, that this summa- 
tion of the stimulus values of the two lamps upon the basis of their respective 
positions on the scale is pure assumption. The combined brightness of the 
two lamps, each set at 500 units, is probably not 1000 units; but for our pur- 
poses it is a sufficiently close approximation to twice the value of either one 
of them. 


Exploration. In preliminary experimentation it was found 
that for two Ss familiar with the expected response a quick in- 
crease in the intensity of the stimulus-light caused a spread of 
illumination easily interpreted as movement, a movement which 
seemed to be to the left when the stimulus-light was exposed on 
the left margin of the projected blind spot, and to the right when 
exposure was on the right margin. Whether the uninformed S 
would get such an illusion was questionable. When the situation 
was presented to four of the Ss used in the previous part of the 
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investigation, three of them perceived movement in 50% to 60% 
of the cases; but the fourth persistently failed to perceive the 
phenomenon. In the cases of movement reported, 55% to 85% 
were reported as occurring in the expected direction. 

Since the stimulus-light had thus far been presented only upon 
the horizontal diameter of the blind spot, the Ss were next asked 
to view it foveally, and to draw on paper as accurately as possible 
the image seen, attending particularly to radiating streamers and 
other irregularities of contour. They made drawings for a number 
of different intensities, ranging from 65 to 1525 light-units. Some 
of the drawings are reproduced in Fig. 3. The S who saw move- 


(1) (2) (3) (4) 


Fia. 3. Typrcat Forms or THE Stimuius-Licut as ViEwED FovEeALLY 


ment most frequently, and in the expected direction 85% of the 
time, showed clear evidence of horizontal astigmatic lines, a factor 
which might readily be conceived as facilitating the diffusion of 
light horizontally, and so increasing the illusion of movement. 
Moreover, the S who failed to see movement showed equally clear 
evidence of vertical astigmatic lines, which might conceivably tend 
to inhibit the illusion of movement when the stimulus-light fell 
on the right or left edge of the blind spot, but to facilitate it if the 
light fell on the upper or lower edge. When the stimulus was later 
presented to this S on the vertical diameter of the disk, he per- 
ceived movement. In view of these observations it seemed de- 
sirable to submit the Ss to this test of their astigmatic images, and 
having determined the dominant direction thereof, expose the 
stimulus-light on the corresponding edges of the disk. 

Procedure. Under the suggested hypothesis it seemed possible 
that if seven equidistant positions were marked off on either the 
horizontal or vertical diameter of the disk, three on each side of 
the center, the number of cases seen as movement would increase 
for each position as one approached the edges, provided the in- 
tensity were maintained constant relative to the threshold of the 
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particular position. In other words, regardless of whether the S 
saw movement when first subjected to the conditions of the im- 
pression, if he could be trained by means of proper Aufgabe to see 
movement, the problem would then be to obtain a relatively ob- 
jective and quantitative measure of thisperception. Iftheselected 
positions across the diameter of the blind spot were numbered from 
left to right or from below upward, 1, 2, 3, 4, 5, 6, 7, and it were 
found that for positions 1 and 7 movement was seen in the expected 
direction in, for instance, 90% of the cases, for positions 2 and 6 in 
75% of the cases, for positions 3 and 5 in 60%, and 50% in position 
4, there would seem to be some ground for the hypothesis. 

Assuming the thresholds for positions 1, 2 and 6, 7 to be lower 
than those for positions 3, 4, 5, the intensity values indicated in 
Table II were empirically and arbitrarily selected for the two de- 
grees of illumination. For all Ss the setting of lamp A was well 
above liminal intensity. 


TABLE II 
InTENSITIES SELECTED TO Propuce THE Two DrGREES OF ILLUMINATION 
Lamp A Lamps A plus B 

8 Positions ositions 

1,2,6,7 3,455 1,2,6,7 3.455 
H 250 300 1250 1300 
Li 300 350 1300 1350 
Lo 400 500 1400 1500 
N 300 350 1300 1350 
125 150 1125 1150 


The experimental procedure was relatively constant, varying 
only with the exigencies of the session. After a fixed period of 
dark adaptation, adjustments of the head-rest were made and S 
proceeded to center the blind spot around the stimulus-aperture 
in the manner described above. The instructions to him were as 
follows: 


You will please keep your head as immovable as possible throughout 
the session. 

Maintain constant fixation upon the central black cross of the fixation- 
device, using the position of the after-image as a check. 

Direct attention, without loss of fixation, toward the periphery.“ 

When F says ‘Wink,’ do so and quickly regain fixation, opening your 
eyes as widely as possible. 

You will then hear the following warning signal (two quick raps), 
and one second later there will be an illumination of your right eye which 


“As before, in Part I, the Ss understood this to mean that, although fixation 
was upon the black cross, attention was to be directed toward the stimulus- 


aperture. 
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may, or may not, move to the right or left. If the movement is to your 
right, rap once; if to your left, twice. If the image appears not to move, 
rap three times. If you perceive no illumination, remain silent. 

In the interval between your report and the signal to wink you may 
wink your eyes naturally as frequently as you wish. 

If at any time your fixation has been poor or you were in any other 
way not ‘set’ for the stimulus, report to that effect. 


The detailed procedure in presenting each stimulus, then, was: 
(1) signal to wink, two seconds; (2) warning signal, one second; 
(3) lamp A on, one second; (4) lamp B on, one second; (5) stimulus 
off. This succession and these time intervals were empirically 
found to be optimal. 

Seven hundred stimuli were presented, 100 for each position 
of the stimulus-light. This required ten sessions, each consisting 
of 10 practice and 70 regular presentations. In each session the 
80 stimuli were presented in three groups, with a 3-min. rest- 
period between each group; while within the group they were 
presented in series of five, with a few seconds rest between each 
series. The stimuli were presented in chance order. The sessions 
were usually held on successive days and at approximately the 
same hour. 

Results. Guided by the astigmatic images of the individual, 
the seven positions along the horizontal axis of the blind spot were 
used for two of the Ss, and the positions along the vertical axis 
for the other three. 

The results are shown in Tables III to V. Table III gives the 
frequency with which the Ss reported a perception of movement 
for each of the seven positions across the axes of the blind spot. 
These results are by no means positive. Although the totals show 
a tendency for the perception of movement to decrease as the 
stimulus-light recedes from the edges of the blind spot, it is readily 
seen that Lo and T are the only Ss who show an unequivocal 
tendency of that nature. The former shows an almost ideal pro- 
gressive decrease toward the center, but his data are based on only 
50 cases, as compared with 100 for the other Ss. 


TABLE III 
PERCENT OF TIMES THAT THE SS PERCEIVED MOVEMENT aT Every ONE OF 
THE SEVEN PosiTIONS 


Axis of Positions 
Cases Blind Spot I 2 3 4 5 6 7 
H 100 Horizontal 79 82 79 81 83 93 88 
Li 100 Vertical 87 87 87 88 78 82 80 
Lo 50 Vertical 94 60 40 8 16 60 78 
N 100 Horizontal 68 67 74 67 47 #59 76 


Vertical 


| 100 | 75 43 77. 
Totals 82 74 68 57 57 74 «280 
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The frequency-graphs for the individual Ss (Fig. 4) show more 
clearly, perhaps, the status of the results. In these has been 
plotted, not the frequency of movement perceived, but the fre- 
quency of the absence of the perception of movement. Theoreti- 
cally, then, on the basis of the suggested hypothesis, these graphs 
should show decreasing frequency with the distance from the 
central position. It is evident that H and Li show nothing 
positive. N shows a slight, but rather equivocal, tendency toward 
a central predominance of no-movement frequency. Lo and T, 
on the other hand, show unambiguous evidence of this tendency. 
The curves of the percentage of movement reported for each of the 
seven positions appear in Fig. 5. Here again the evidence is 
equivocal. 

Turning to the data concerned with the direction of the move- 
ment reported, the evidence grows a little more positive. Table 
IV shows the frequencies and percentages of the movement re- 
ported as “Right” or “Upward; Table V the frequencies and 
percentages of movement reported as “Left”? or “Downward.” 
The data for the two axes are grouped in this manner, since, for 


position 1, movement to the left is anticipated on the horizontal 
axis and movement downward on the vertical axis; while, for 


TABLE IV 
MoveMENT REPORTED AS TO THE Rigut oR UPwarRpD 


Percentage of the 
Axis of Frequency Movement Reported 
BI1.Sp. 6 


Horiz. 52 78 
Vert. 51 77 
Lo Vert. 93 
Horiz. 11! 32 64 
T Vert. 16 rere) 


Totals 67 86 120 177 205 271 301 30 80 


TABLE V 
MoveEMENT REPORTED AS TO THE LEFT OR DOWNWARD 


Axis of Percentage of the 
Bl. Sp. Frequency Movement Reported 
3 4 5 6 


Horiz. 30 18 71 37 22 
Vert. 31 20 55 35 26 
Vert. o 2 97 O 25 
Horiz. 38 28 ‘ 78 57 60 
Vert. o “6 gI 84 10 


Totals 295 255 201 74 78 43 29 
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75 
80 
100 | 
83 
87 
7 
H 22 25 
23 
Lo 
N 36 17 
T 10 13 
20 15 


228 SCOFIELD 


position 7, movement to the right and upward are anticipated. 
The percentages in these tables are not percentages of the total 
stimuli presented, but percentages of those stimuli for which 
movement was reported, z.e. percentages of the frequencies given 
in Table ITI. 


th 


Fic. 6. SHowine ror Every S THe FREQUENCIES OF MOVEMENT REPORTED 
aS Rigut oR UPWARD FOR Every ONE OF THE POSITIONS OF THE STIMULUS 
(MovEMENT IN THE Cases oF H anp N Was To THE RIGHT, AND IN THE 
Cases or Li, Lo, anp T 1r Was Upwarp) 


Fig. 7. SHow1ne ror Every S THE FREQUENCIES OF MOVEMENT REPORTED 
as Lert oR DowNWARD FOR EVERY ONE OF THE PosiTIONS OF THE STIMULUS 
(MovEMENT IN THE Cases OF H anp N Was To THE LEFT, AND IN THE CASES 
or Li, Lo, anv T 1r Was Downwarp) 

Frequency-graphs of these data are presented in Figs. 6 and 7. 
Here the evidence seems clear that the apparent movement is 
seen more frequently in the anticipated direction as one approaches 
the edge of the blind spot in that direction. The progression is not 
always gradual; but in every case there is an unambiguous differ- 
ence between the frequencies for positions 1 and 7. The percent- 
age-curves plotted for the same data are shown in Fig. 8. These 
curves are complementary to each other, since they are based upon 
the percentage of the percentages of movement reported. If the 
two curves are combined and only the parts of each above the 
50% point considered, one has a fairly clear picture of the general 
trend of the perception of the direction of movement in relation to 
the particular area of the blind spot affected. 
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It will be noticed that in no case does the 50% junction-point 
of these curves fall precisely upon position 4, the center of the 
blind spot; indeed, in some cases it falls some distance from the 
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PosiTION ON HorizonTAL OR VERTICAL DIAMETER 


Fig. 8. SHowinG ror Every S tHe PERCENTAGES OF MOVEMENT REPORTED 
ror Every ONE OF THE PosiITIONS OF THE STIMULUS 


center. It ought to be suggested, perhaps, that such a result 
might be due to an inadequate centering of the blind spot around 
the stimulus-aperture. Although carefully centered by the fixating 
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device, it is conceivable that the irregularities in the contour of 
the disk might so distort that centering as to produce the shifts 
of the 50% mark shown on the curves. 


Observers’ reports. The reports from this part of the investiga- 
tion are relatively meager. So far as the illumination itself is con- 
cerned, the Ss’ descriptions of it were not different from those cited 
above (cf. page 221). The apparent movement was universally 
indistinct and uncertain, yet all agreed that there was a spreading- 
out of the illumination which most of the time seemed to have a 
dominant direction. 

One S reported the phenomenon as having “‘shot out to the right and back;”’ 
another reported, ‘quite sure of the movement; see it distinctly.’ Others 
spoke of it merely as a “swelling out on one side only” or a fading of the part 
of the field opposite to the direction of apparent movement. A review of the 
Ss’ reports leaves one a little skeptical of the value of discussing the implications 
of a phenomenon so ephemeral. The quantitative figures, however, seem to 
dispel this skepticism. S was given an alternative of two responses, direction- 
of-movement or no-movement; yet, in spite of the uncertain nature of the 
movement-impression, the data recorded above display a relatively high fre- 
quency of reported movement, and in the anticipated direction. 

Effects of practice. Here again, as in the experiments upon the 
threshold, there is superficial indication of a practice-effect; but it 
seems likely that whatever increased proficiency occurred in the 
ability to perceive movement was even more certainly a result of a 
greater familiarity with the stimulus rather than a true progressive- 
ly increased proficiency in observation or response. The spreading- 
out of illumination may readily be interpreted as movement by one 
S, but only with great difficulty by another. Particularly do the Ss 
vary in their ability to abstract from objects in perceiving move- 
ment. These differences are probably indicative of varying apper- 
ceptive systems; but once such systems are drawn upon by in- 
structions or preliminary training, and once the S has set up his 
criteria of judgment, the proficiency of observation maintains its 
level. 

CoNCLUSIONS 


Perception of movement and various attendant phenomena 
have been extensively investigated since the rise of the Gestalt- 
Theorie; but most of the experimentation has been carried out 
under that theory. These workers have made assumptions 
analogous to that already quoted from Koffka. Since the blind 
spot is an area insensitive to light, simple sensations, he believes, 
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cannot be produced there, and hence the movement-impressions 
obtained cannot be conceived as built on simple sensations. It is 
implied that in such an experience the blind spot alone could be 
the source of sensational factors upon which the movement im- 
pression might be built. Waiving all concern with the simplicity 
or elementariness of sensations, it is here merely contended that a 
sensitivity exists which might account for the impression of move- 
ment. The blind spot has not yet been proved sensitive to light; 
but it is immediately surrounded by retinal areas which are sensi- 
tive—areas, too, of higher spatial value than the rest of the retina, 
according to such investigators as Ferree and Rand, Werner, ' 
and Lohmann.'? Moreover, an optical system cannot be devised 
which will introduce a beam of light into the eye without illumina- 
tion of the refractive system. 

The 3° stimulus-area utilized throughout our investigation 
disappeared entirely within the blind spot; but we believe that the 
illumination from it was so diffused through the refracting media 
of the eye as to affect, probably, a considerable part of the retina. 
It was assumed that this stimulation would be imperceptible until 
an intensity was reached far above the threshold for direct stimu- 
lation, and that its perceptibility would decrease with the distance 
from the center of the diffusion area. Since the center of the 
diffusion-area would vary with the position of the stimulus-light, 
the sensitive retinal elements immediately surrounding the blind 
spot would be stimulated by a brighter portion of the diffusion area 
as that light approached the edge of the disk. Therefore, a lower 
intensity would be necessary to make the diffuse stimulation per- 
ceptible when the stimulus-light fell upon the edge of the optic disk 
than when it fell in the center. This was confirmed by the results 
obtained in the first part of the investigation. 

Similarly, in the second part, the sudden increase in the in- 
tensity of the illumination caused the diffusion-area to spread out 
and carry supraliminal stimulation to retinal elements further 
from the edges of the blind region, as well as much stronger stimu- 


46C, E. Ferree and G. Rand, The spatial values of the visual field immediately 
surrounding the blind spot and the question of the associative filling-in of the 
blind spot, Amer. J. Physiol., 29, 1912, 398-417. 

16H. Werner, Untersuchungen iiber den blinden Fleck, Arch. f. d. ges. 
Physiol., 153, 1913, 475-490. 

17W. Lohmann, Der blinde Fleck in seinen Beziehungen zu den Raumwerten 
der Netzhaut, Arch f. Augenhk., 81, 1916, 183-196. 


| 
4 


232 SCOFIELD 
lation to those elements immediately surrounding the disk. So 
far as is known, the perception of an actually moving object is 
nothing more than this successive stimulation of retinal points. 
Movement phenomena following upon increased intensity of 
illumination have been observed by other investigators. Exner 
(1886) wrote in an early article “Hier scheint der Netzhautperi- 
pherie als Anhaltspunkt zu ihrer Bewegungsdeutung der Umstand 
zu dienen, dass in der That die Ringe merklich gleicher Helligkeit 
bei der Abnahme der Beleuchtung, nach dem Centrum riicken, 
bei Zunahme nach der Peripherie.”"* L. W. Stern (1894) dis- 
covered that “‘Die enge Assoziation, die zwischen der verinderten 
Reizung und der Bewegungsvorstellung besteht, bewirkt auch, 
dass uns eine blosse Intensitaétsverinderung eines bestimmten 
Objektes (ohne jede objektive riumliche Verschiebung), dennoch 
den Eindruck macht, ‘als riihre sich etwas im Sehfeld’... Im 
seitlichen Sehen, wo diese Erscheinung besonders stark ist, mag 
auch noch die Irradiation mitspielen, welche bei Helligkeit- 
zunahme die Rinder des Bildes verbreitert, und umgekehrt.”’!® 

Finally, some preliminary results which the writer has obtained 
in experimenting with the phi-phenomenon in the region of the 
blind spot suggests a third source of evidence confirmatory of the 
‘diffusion’ hypothesis. 

All of the phenomena reported by Stern, by Feinberg, and by 
the writer are faint, indefinite, and difficult to describe in any 
detail. Figures which show clear contours when exposed on the 
periphery of the retina, even when surrounding the region of the 
blind spot, become vague hazes when exposed within the disk. 
Undeniably, there is diffusion of this illumination throughout the 
eyeball. If this diffused light is of sufficiently high intensity in the 
neighborhood of the point of exposure to stimulate the sensitive 
parts of the retina immediately surrounding the blind spot, the 
phenomenon produced is certain to be diffused, faint, and without 
contour. Despite the suggestion of both Stern and Feinberg that 
explanation of the observed results of stimulation of the blind 
spot upon the basis of “false” lights is inadequate, and the 
assertion of Feinberg that the doctrine of the complete insensitivity 


188. Exner, Uber die Functionsweise der Netzhautperipherie und den Sitz 
der Nachbilder, Arch. f. Ophth., 32, 1886, 233-252. 

19],, W. Stern, Die Wahrnehmung von Bewegungen vermittelst des Auges, 
Zsch. f. Psychol., 7, 1894, 321-386. 
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of the physiological blind spot must undergo new investigation, 
there appears little in their results which is inconsistent with the 
hypothesis of diffusion. 


Visual phenomena resulting from the diffusion of light through 
the refracting media of the eye have been frequently observed and 
reported in the history of experimentation in vision. An adequate 
review of the literature may be found in a recent article by 
Helson.2® The hypothesis for which we have attempted to find 
further evidence is sufficiently established in the tradition of 
physiological optics to cause the burden of proof to rest upon any 
other assumption. 

The recent investigation carried on by Helson, amasses a quantity of im- 
pressive evidence against ‘diffusion’ hypotheses and in favor of direct ex- 
citability of the optic disk. The investigation was entirely qualitative, and 
consequently but suggestive of further lines of experimentation. Helson’s 
Ss report phenomena which our Ss did not observe; but the conditions of ob- 
servation in the two investigations were probably at no time comparable. 


SuMMARY 


(1) Impingement upon the optic disk of a circular light-point 
subtending a visual angle of }° produces sensations of light. 


(2) The occurrence of these sensations is dependent upon 
the intensity of the impinging light and the area of the disk upon 
which the light-point falls. The threshold for light-intensity is 
significantly lower when the light ray falls upon the edge of the 
disk than when it falls in the center. 

(3) A sudden increase in the intensity of the stimulus-light 
falling upon the optic disk results, under certain conditions, in an 
impression of movement. (a) This impression of movement is 
more frequent when the stimulus-light falls near the edge of the 
disk than when it falls in the center. (b) The direction of the 
movement perceived corresponds to the position of the light rela- 
tive to the center of the blind spot, e.g. movement to the right when 
the stimulus-light is exposed to the right of the center of the pro- 
jected blind spot. (c) Movement is seen more often in the antici- 
pated direction as the position of the light-point approaches the 
edges of the blind spot. 

(4) There is no clear evidence of practice. 


20H. Helson, The effects of direct stimulation of the blind-spot, this Journal, 
40, 1929, 345-397. 
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(5) These observations seem to offer confirmatory evidence 
for the hypothesis that the visual phenomena which occur when 
the blind spot is stimulated by light are due to the affection of 
sensitive retinal areas as a result of the diffusion of light by the 
refracting media of the eye. 


PHOTOMETRY 

The results of the foregoing investigation have been expressed in terms of 
an arbitrary scale of light-units, but photometric readings were taken to make 
possible the conversion of these units into standard terms. The method of 
photometry was essentially that used by Newhall and Dodge;*' i.e. comparison 
of the brightness of the stimulus-light with that of a standard mat surface il- 
luminated by a standard lamp. The writer is indebted to Dr. S. M. Newhall 
for the use of his lamp, which was rated by the Electrical Testing Company of 
New York City as 10.7 candles. Fifty judgments of equality were obtained 
from each of four Ss. The results of the total 200 readings are shown inTableVI. 


TABLE VI 


INTENSITIES IN STANDARD UNITS 
Distance of standard lamp from surface 


Scale Ave. A.D. Meter 
units (cm.) (cm.) candles 
10 58.8 3.39 30.92 
50 37.2 0.63 144.59 
75 23.1 0.63 200.37 
100 20.6 0.39 252.36 
150 17.1 0.41 366.44 


Unfortunately, the candle-power of the standard lamp prevented the obtaining 
of values for the higher range of the arbitrary scale used; but it is clear that 
those secured approximate a straight line. The equation for the straight line 
curve which best fits the data, and upon which the higher range of the scale may 
be extrapolated, is y = 2.362 + 17.4, in which z = the arbitrary light units and 
y = the meter candles. 


218. M. Newhall and R. Dodge, Colored after-images from unperceived 
weak chromatic stimulation, J. Exper. Psychol., 10, 1927, 1-17. 


SPEARMAN’S CORRECTION FOR ATTENUATION AND 
ITS PROBABLE ERROR 


By Epwarp E. Cureton and Jack W. Dunuap, Territorial 
Normal and Training School, Honolulu, Hawaii 


The purpose of this paper is to examine the assumptions under- 
lying the various formulas proposed for estimating the true cor- 
relation between variables measured by fallible observations, to 
select the most useful of these formulas from the standpoints of 
both accuracy of estimation and simplicity of computation, to 
determine the probable error of the formula so selected, and to 
present tables to facilitate the computation of this formula and 
of its probable error. 

Let x and y be two variables whose true correlation is r,,. Let 
x be measured by sets of fallible observations z; and x; (using odd 
subscripts), and let y be measured by sets of fallible observations 
y2 and y, (using even subscripts). Let 5; and 4; be errors of 
measurement in zx, and let e2 and e, be errors of measurement in 
y. Then 

db = t+ ee 
x + 43 y + &. 


Of the quantities x, y, 51, 53, ¢2 and e,, assume that x and y alone 
are correlated; 7.e. that the errors of measurement are uncorrelated 
with one another and with the true variables. The quantities 
Z, Xi, 23, Y, Y2, and y, are to be taken as deviations from their 
respective means; and 4;, 53, ¢2, and e, are to be assumed to take 
positive and negative values equally often as a matter of chance. 
Then 


I 


= (x + (x + 5s) =227 
= zy 
=Z(r+h)(yte) [x] 
= (x + (y + es) = Day 
xs yo = (x + 5s) (y + = 
ys = (x + 4s) (y + = zy 


and 


*Accepted for publication June 1, 1929. 
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= — = — = 3 0103 
N N 
..[2] 
= = Te4 02 04 
N N 
Xs Yo Xs Ys 


Each of the last four numerators varies from 2 zy by chance terms 
only, so the most probable value of 2 zy should be their arith- 
metic mean, and we may write 
= 4 VIX 


or from [2] 


4 


Formulas [3] and [4], which are equivalent, give the best estimate 
of r,, that may be obtained from two sets of fallible measures of 
each variable. They involve only one basic assumption; namely, 
lack of correlation between errors. They are rather long, however, 
for purposes of computation; their probable errors are not known, 
and in all likelihood these probable errors would be too long for 
practical computation if they were known. By introducing certain 
further assumptions, much simpler formulas may be derived, but 
all such formulas involve certain systematic errors in addition to 
the chance errors due to limited sampling and fallible measures. 

Assume that o; = o; and oz = oy. (This is an assumption 
of strict numerical equality; not of essential equality within the 
sampling errors). Then Wo,03 = 01 = 03, /o204 = 02 = %, 
and from [4] 


Tic + Tua + + 
4 V iis Toa 


If o; and as are not exactly equal, +/c; 03 will be their geometric 
mean, which is closer to the smaller of the two values than to the 
larger; and if we substitute this geometric mean twice for the 
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smaller and twice for the larger value in the numerator, the latter 
will be spuriously reduced somewhat. The denominator already 
contains this geometric mean and therefore remains correct. The 
same thing is true if a2 and o, are not equal, so that in general, 
formula [5] will tend to underestimate the value of r,,. The same 
thing is true also if we take r,, = 2 or use any other single 
Tes 

intercorrelation or any additive combination of less than four of 
these as the numerator, except that in such cases the chance 
errors will be increased. 

Assume that 2 2: y2, ys, yo and are numerically 
equal. In this case their geometric mean will equal their arith- 
metic mean, and from [3] 


V2 (Z ys) (2 Yo) (Z ys) 
Xs) (Z y2 Ys) 
Since we are dealing entirely with products, this reduces immedi- 


ately to 
Ta Tos Te 

6 
is} 
If yo, Ys, D Ls Yo, and 2s ys are not exactly equal, their 
geometric mean will be less than their arithmetic mean, and the 
numerator of [6] will be spuriously reduced and the value of r,, 
underestimated, the denominator remaining correct as in the 
case of formula (5). It should be noted that the factor causing a 
systematic error in the estimation of r,, in the case of formula [5] 
is inequality of standard deviations, while in the case of formula 
[6] it is inequality of product-moments. In each instance the 
tendency is toward underestimation, while both formulas have 
the same denominator, which is not subject to any systematic 
error. The numerator of [5] is the arithmetic mean of the four 
intercorrelations, while that of [6] is their geometric mean. Hence 
[5] will always yield the less underestimated value. The formula 


Ti4 


proposed by Yule,' r,, = je , is subject to the same type of 


13 
systematic error as is formula [6], and also to larger chance errors. 


1G. U. Yule, An Introduction to the Theory of Statistics, 5th ed., 1919, 213-214. 
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The estimation of r,, from formula [5] involves the computation 
of six correlation coefficients, and its probable error as derived 
by Shen? is lengthy and laborious to calculate. It has been shown 
by Kelley,’ however, that it is not necessary to calculate ris, ri, 
T23, and r3, if we know the value of ri; +3)(24,), the correlation be- 
tween the sums of the pairs of estimates of x and of the correspond- 
ing pairs of estimates of y. The proof is as follows: 


(a1 + 23) (y2 + ya) 
VE + 23)? (y2 + ys)? 
Ti2 01 + Tig O4 + Os + 134 


+ o3? + 2 61 G3) (62? + og + 2 


T(r+3)(2+4) = 


Assuming as in formula [5] that o1 = o3 and o2 = a4, 


(ris + Tia + + 02 
T(1+3)(a+4) = 
V2 (1 + Tis) 2 (1 + T24) 


Tio + Tig + + 


T(1+3)(2+4) = 


— 
¢ 2 2 


Ti2 + Ti4 + Yes + Ps I+r I r 


Substituting in [5] 


and 


+3)(2 +4) 


2 Tis 2 To 
I+ fis) I + 


This formula is implied in Kelley’s derivation, and has been pub- 
lished in this form without formal proof by Hull.‘ It is evident 
that formula [8] is identical with formula [5] in its underlying 
assumptions and in the numerical estimates of r,, which it yields. 
It may safely be employed wherever the difference between the 
two standard deviations for each variable is small compared to 
the absolute magnitudes of these standard deviations. 


Tey 


2E. Shen, The standard error of certain estimated coefficients of correlation, 
J. Educ. Psychol., 15, 1924, 462-465. 

8T. L. Kelley, ‘Statistical ethod, 1923, 209-210. 

4C. L. Hull, Aptitude Testing, 1928, 243, formula [5]. 
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Before this formula can be of any considerable value, its 
probable error must be known, and tables must be available to 
facilitate the calculation of both its value and the value of its 
probable error. 

For convenience, we will call ra43)e44) = r. Then formula 


[8] becomes 


Taking logarithmetic differentials, squaring, summing, and 
dividing by the theoretical infinite population, we have 


Try, Tr Or Trar Ory Or + Tryr Sry Or 


T Tol r(1+r2) 


Trista Frys Tro Try 


Ory, Try Trury Try Or, . ] 


To evaluate this expression, we require; in addition to or, or, 
and ores, which may be readily written from the usual formula 
for the standard error of a correlation coefficient; rz,., Tr, and 
Trt Filon and Pearson® give the formula for the correlation 
between two correlation coefficients, r,,,.,. Noting that rez = 
Tr substituting subscripts and simplifying, 

I 

(1 —r43)(1 (143) (244) 


— 13(1+3) T(1+3)(2+4) — T13 T1(2+4)) — 1T3(2+4) (T1(2+4) T(1+3) (2+4) 


[T1¢2+4) T3(1+3) + Tici+s) 


Ti3 T(1+3)(2+4) (r? 


+ Tis T'3(1+3)) + 1(1+3) + (2+4) 


+ r73(1+3) + 


To evaluate this expression we need; in addition to ra+s +4, 
which is the r computed from the data; ri+4), Ts(2+4), ANd 


5K. Pearson and L. N. G. Filon, On the probable errors of frequency con, 
stants and on the influence of random selection on variation and correlation- 


Philos. Trans., 191, 1898, 229-34. 
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Vz x? Vz (y2 + ya)? Vo2 + 20204 Toa + oe 
Assuming that = o3 and = 


Tio + T14 
[11] 


V2 + 


Similarly, 


T1244) = 


Tos + 


V2 + 2124 
From [7] 
Tio + Tia + + 
2 V1 + Tis V1 + 
Assuming that re + Tia = Tes + Psa, 
Ti2 + Tus Tes + 


r 
(1+3) + V1 + V1 + V1 + 


and 


T(i+3)@Q+4) = 


Tig + Tia = + = Pits) 2+4) Vitns 


Substituting in [11] and [12], and calling ra+sa+a = Fr, 


Ti(2+4) = = 


Note that if re + ria and res + Yeg are not equal, ra+sy(2+4) 
X Vi+tns V1+ry is their arithmetic mean, so that one of the 
quantities, ric2+4), Tsc2+4) Will be underestimated on account of 
this substitution to exactly the same extent as the other is over- 
estimated. 


Now, 


+ = + 01 G3 


. 
+ os + 20108013 


Assuming that o, = 


= T3a+3) = 


Substituting the values of riga+s) and ri2+4) from [13] and [14] in 
[ro], calling ra+s)(2+4) = Tr, and simplifying, 


— 
and by a similar line of reasoning 
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Note that if ris + rig # Fes + 34, one of these values will be too 
large and the other correspondingly too small, but since r,,., and 
rrr enter equally and additively in [9], there will be no systematic 
error introduced. 

From Filon and Pearson’s* formula for the correlation between 
two correlation coefficients, substituting subscripts and multi- 
plying by the standard errors of the coefficients, 


Trista Oris Try — Tis — Tea + ... 


Substituting the values from [15], [16], and [17] in [9] and 
simplifying, 


(<2) (es | 


Changing the notation to conform to that usually employed 
in considering problems involving intercorrelations and reliability 
coefficients, but retaining the symbol r for the correlation between 
the sum of the pairs of corresponding estimates of each variable, 
formula [8] becomes 


Tew 
11 


and formula [18] becomes 


II 
(1 11) (1 —r*) 
(2) 
2—rJ \nitnr/ \rentte 
It should be noted that each radical factor in [19] and each ex- 


pression in parentheses in [20] is a function of a single correlation 
coefficient. In the accompanying table these functions are given 
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TABLES FOR THE CALCULATION OF P.E.r,,., 
B Cc D E 


oo 1.000 
9998. 2450. .9999 
2498. 600 .3 .9996 
1109. 261.5 .9991 
623 .0 144.0 .9984 


398 .0 102.5 .9975 
61.36 .9964 

42.81 -9951 

-9936 

.9919 


.9900 
.9879 
.9856 
-9831 
.9804 


.9775 
.9744 
.9711 
.9676 
.9639 


.9600 
.9559 
-9516 
-9471 
-9424 


.9375 
-9324 
.9271 
.9216 
.9159 


-9100 
-9039 
.8976 
-8844 


.8775 
.8704 
.8631 
.8556 


a: 
5.02 
4. 
3. 
3. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
1. 
2 
1. 
1. 
i 
1. 
i 
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.O1 6 49 .50 .0000 98 .02 
.02 0 24.50 .0001 48 .04 
.03 ity 16.17 .0002 31.39 
.04 12.00 .0004 23.08 
.05 i) 500 .0007 18.10 
.06 v2 833 .0010 14.78 
.07 D3 543 .0013 12.42 
.08 D8 750 .0017 10.65 
.09 056 .0022 9.275 
.10 15 98.01 20.25 500 .0028 8.182 
16 80.66 16.36 045 .0034 89 
12 50 67 .46 13.45 667 .0041 548 
13 B5 57.19 11.20 346 .0048 22 
.14 8 49 .04 9.431 071 .0057 89 
15 58 42.47 8 .026 833 .0066 928 
.16 4 37 .09 6.891 625 .0076 526 
5 32.63 5.958 441 .0086 173 
.18 LO 28 .90 5.189 278 .0099 861 
.19 70 25.74 4.545 132 .0110 582 
.20 B2 23 .04 4.000 000 .0123 333 
a D7 20.72 3.538 881 .0138 109 
.22 65 18.71 3.144 773 .0153 906 
.23 B5 16.96 2.802 674 .0169 722 
.24 07 15.42 2.289 513 .0186 544 
.25 B1 14.06 2.250 500 .0204 400 
.26 7 12.86 2.025 423 .0223 1259 
.27 B4 11.79 1.828 352 .0243 129 
.28 12 10.83 1.654 286 .0265 009 
.29 D1 9.975 1.498 224 .0288 898 
.30 2 9.201 1.362 167 .0311 795 
31 54 8.502 1.239 113 .0336 699 
.32 B6 7.868 1.130 063 .0363 610 
.33 20 7.292 1.071 015 .0390 526 
.34 04 6.766 .9421 706 .0419 449 
.35 89 6.286 .8623 .9286 .0450 375 
.36 4 5.846 -7901 .8889 .0482 307 
.37 61 5.442 .7249 .8514 .0515 243 
.38 48 5.070 .6655 .8158 .0550 183 
.39 B5 4.727 .6117 .8479 .7821 .0587 125 
.40 23 4.410 .5625 .8400 .7500 .0625 071 
41 11 4.117 .5177 .8319 .7195 .0665 021 
.42 00 3.845 .4768 .8236 .6905 .0707 725 
.43 B9 3.593 .4459 .8151 .6628 .0750 .9273 
.44 9 3.359 .4050 .8064 .6364 .0795 .8840 
.45 69 3.141 .3734 .7975 .6111 .0843 .8428 
.46 0 2.937 .3446 . 7884 .5870 .0892 .8041 
47 1 2.749 .3179 .7791 .5638 .0944 .7674 
.48 2 2.571 2934 . 7696 .5417 .0997 .7318 
.49 B3 2.405 .2708 .7599 .5204 .1053 .6986 
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B 


.250 


Cc 


.2500 
.2308 
.2130 
.1966 
.1814 


.1674 
.1544 
.1423 


D 


.7500 
.7399 
.7296 
.7191 


-6975 
-6864 
.6751 
.6636 
-6519 


-6400 
.6279 
.6156 
-6031 
.5904 


.5775 
.5644 
.5511 
.5376 
.5239 


.5100 
-4959 
.4816 
-4524 


.4375 
.4224 
.3916 
.3759 


.3600 
.3439 
.3276 
.2944 


.2775 
.2604 
.2431 
.2256 
.2079 


.1900 
.1719 
-1536 
.1351 
.1164 


.0975 
.0784 
.0591 
-0396 
.0199 


F 


.1111 
-1171 
-1300 
.1368 


.1439 
.1512 
-1589 
.1668 
.1751 


.1837 
.1926 
-2018 
-2115 
.2215 


.2318 
2426 
-2538 
-2654 
.2775 


.2899 
.3029 
.3164 
.3304 
.3450 


.3600 
.8757 
.3919 
-4088 
.4262 


.4444 
.4633 
.4830 
.5032 
.5244 


.5464 
.5690 
.5928 
.6174 
.6429 


.6694 
.6969 
-7256 
.7554 
.7864 


.8186 
.8520 
.8869 
.9223 
-9607 
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.50 225 .5000 6667 
51 217 105 .4804 6365 
.52 209 .970 4615 6072 
53 201 841 4434 5797 if 
54 194 721 .4259 .5533 
55 187 .608 .4091 .5278 i 
56 180 .502 .3929 .5038 i 
87 173 403 3772 "4802 i 
58 167 309.1311 '3621 4582 
59 161 .221 .1208 3475 .4371 
.60 155 .138 1111 .3333 .4169 ‘ij 
61 149 .060 .1022 .3197 .3969 
62 143 859 .0939 .3784 
.63 137 .9164 .0863 .2937 .3601 
64 132 .8510 .0791 .2813 
65 127 .7894 .0725 .2692 .3261 
66 121 7313 0664 .2576 .3102 
67 116 .6766 .0607 .2946 
68 111 .6250 0554 .2803 
69 107 5765 .0504 2246 .2672 
.70 102 .5308 .0459 .2523 
71 097 .4878 .0417 .2387 
72 093 4474 .0378 1944 
73 4094 .0342 .1849 .2139 
74 84 .3738 .0309 
75 80 .0278 .1667 .1903 
.76 76 .3089 .0249 .1579 .1796 j 
77 72 .2790 .1689 
78 68 2521 .0199 .1410 .1584 
.79 64 .0177 .1329 .1486 
.80 61 .2025 .0156 .1250 .1389 
81 57 .1803 .0138 1173 .1298 i 
.82 53 .1596 .0121 .1098 .1209 
50 1405 0105 .1024 
84 47 .1228 .0091 0952 .1033 
85 43 .0078 0882 .0951 
86 40 0917 .0066 .0814 .0876 q 
.87 37 .0781 .0056 .0747 .0797 il 
.88 34 .0657 .0047 0682 .0723 
.89 30 .0546 .0038 .0618 0656 
.90 27 0446 .0031 0556 
91 24 .0357 .0025 0495 .0518 
.92 22 .0278 .0019 0435 0435 
.93 19 0211 .0014 .0376 .0389 
94 16 .0153 .0010 .0319 .0330 
95 13 .0007 .0263 .0272 q 
.96 10 .0067 .0004 .0208 0214 
97 8 .0037 0002 0155 .0157 
.98 6 .0016 .0001 .0102 .0101 
.99 3 .0004 .0000 .0051 .0050 
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to four significant figures for values of the corresponding corre- 
lations from 0.00 to 0.99. Representing these functions by succes- 
sive capital letters with appropriate subscripts, 

Tow = Aon 


N 

In [21] and [22], the letters represent the corresponding col- 
umns in the table. Where a letter appears without subscripts, 
the table is entered with r; where it appears with the subscript 11, 
with r,;;; and where it appears with the subscript 211, with rey. 

Shen’ gives an example comparing the standard error of form- 
ula [5] as given by his formula with that of formula [6] as given 
by Kelley. He assumes = 0.40, = 0.50, Tr2 = 0.50, 
Tr = 0.60, 1 = 0.50,f21 = 0.50, 80 that raw = 1.00 (by formula 
5). He finds Trew = ~.7238/N by his formula, and ~/.7500/N by 
Kelley’s. The writers computed ra4ne+4m from his data by 
formula [7], finding the value 0.6667. They then computed the 
standard error of rew by formula [22] (omitting the .6745), and 
found it to be V.7504/N. They then computed row by formula 
[6], and found its value to be 0.9898, and its standard error by 
Kelley’s formula (which was derived for this case) to be ~/.7200/N. 

From unpublished data, the writers computed the following 
correlations: = 0.48, = 0.52, Tr2 = 0.51, = 0.57, = 
= 0.61, Ta+ne+m = 0.65, (m2 + + + 
= 0.52, N = 70, Tow = 0.867 (by formula [21], checking by 
formula [5]. They then computed P.£.;,.,, finding its value by 
Shen’s formula to be 0.0521; by Kelley’s formula, 0.0540; and by 
formula [22], 0.0538. The value of re» was then recalculated by 
formula [6], and its value by this formula was found to be 0.865 
with a probable error (by Kelley’s formula) of 0.0538. The com- 
putation of the above probable errors consumed 6 minutes by 
formula [22], 16 minutes by Kelley’s formula, and 63 minutes by 
Shen’s formula. The writers had never previously computed a 
probable error by any of these formulas, but were undoubtedly 
more familiar with formula [22] than with the other two. 

In handling a problem by formulas [21] and [22], the following 
analysis may be of value: 


-6745 Tow 
PB — Con [22] 


7Op. cit. 
8Op. cit., 210, formula [161 d]. 
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(1) Compute r,, and re, from the data. In case only two 

sets of observations are available, these may be r; ; and rey. Com- 
2i1 211 

pute ra4ne4m from the data. This may reduce to rp. Call 

(2) In the r-column of the table find the value of r; 1, and in 
the A-column opposite, read A,;;. Then find the value of req in 
the r-column, and in the A-column opposite read Ag. Multiply 
r-A; Aen (formula [21], to obtain row. 

6745 Tow 

(3). Calculate VN 

(4). Inthe r-column find the value of r. In the B-column op- 
posite, read B; in the D-column, D; and in the F-column, F. Then 
find the value of r; ; in the r-column, and read C; 1, E,; and G;; in 
the appropriate columns. Find the value of rey in the r-column, 
and look up Coy, Eey and Gey in the appropriate columns. 

(5). Substitute in formula [22] to get P.=.r,,,,. 


SUMMARY 


(1) No formula involving correlation coefficients alone 
gives an unbiased estimate of the correlation corrected for at- 
tentuation. 

(2) Formulas involving the arithmetic mean of the observed 
intercorrelations underestimate the value of row less than those 
involving the geometric mean. If the intercorrelations are not 
widely different, this effect is slight. 

(3) A formula implied in a derivation by Kelley, and pro- 
posed by Hull, has been suggested as the best for practical com- 
putation. This formula involves the computation of only three 
correlation coefficients from the data instead of the six required 
by other formulas. 

(4) The probable error of this formula has been derived. 

(5) Tables have been prepared to facilitate the computation 
of rew and its probable error by this formula. The use of these 
tables has been shown to save considerable time on the part of the 
computer. 
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THE PERCEPTION OF FORM IN PERIPHERAL VISION 


By Micuaet J. Zicter, Barsara Coox, Dorotuy and 
Luisira WeMPLE, Wellesley College 


Numerous investigations have been undertaken for the pur- 
pose of setting forth the nature and conditions of perception in the 
field of direct vision, but there are only occasional studies which 
in any way deal with the problem of the general character of per- 
ception in indirect vision. If we set aside those investigations 
which have to do with the character of color sensitivity and the 
perception of movement in peripheral vision, there remain only a 
few studies which deal with other and more general aspects of 
perception in the marginal field of vision. 


Purkinje was the first to record an interest in the nature of peripheral vision.’ 
In order to demonstrate the importance of marginal vision in the successful 
execution of certain everyday perceptual reactions, he restricted the visual 
field, practically eliminating peripheral vision, by wearing glasses with opaque 
lenses in the center of each of which there was a small hole. Under these con- 
ditions he discovered that he was unable satisfactorily to find his way about 
in his own room, and that in such activities as dancing, where prompt reactions 
must be made, faulty adjustments frequently occurred. Poor adjustments 
were also found to be characteristic when the visual field was restricted by 
wearing a mask. 

Casual observation affords convincing evidence of the considerable extent 
to which indirect vision is employed in everyday reactions of varying degrees 
of complexity. In such situations as handshaking, serving a tennis ball, fielding 
a batted ball, passing a basket or hockey ball, operating a motor car (particu- 
larly in approaching an intersection filled with moving vehicles), walking 
across a busy thoroughfare, assorting mail, etc., peripheral vision plays an 
important réle in effecting appropriate reactions. It is true that, if time per- 
mits, the several items in any one of these complex situations may be brought 
in turn into the field of direct vision by the act of turning the head and eyes. 
However, at the moment when the reaction is actually made the several items 
cannot fall simultaneously in the line of regard. In many situations the ne- 
cessity of prompt action tends to prevent the possibility of extensive head and 
eye movements. Moreover, owing to the influence of habituation, the tendency 
to execute such movements is inhibited in familar situations; and, as a conse- 
quence, peripheral vision is called into operation in places where originally 
central vision was used. 


*Accepted for publication October 20, 1929. 
1J. Purkinje, Beytrag zur Physiologie der Sinne, 1825, II, 28. 
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Although these everyday situations and considerations serve to show that 
peripheral vision functions as an auxiliary to central vision in effecting adjust- 
ments to complex situations, and perhaps to suggest certain of the points of 
difference between marginal and central vision, yet, the more precise description 
of the nature of perception in indirect vision must be provided by experiments 
which are limited to specific items of perception. Studies of color sensitivity 
and of discrimination of movement in the field of indirect vision have been made 
in sufficient numbers adequately to indicate the general facts in regard to these 
points. Studies in regard to discrimination of form in peripheral vision have 
been made by several investigators, but in every case the quantitative deter- 
mination of that point, or the number of degrees from the fixation-point, at 
which the true form of the stimulus can be perceived seems to have been the 
sole object in which these investigators were interested. 

Aubert employed the method of moving a form slowly inward over the 
visual field, while the eye was directed upon a fixation-point, until the form was 
accurately perceived.?, He used one form only, a black square upon a white 
background. This was presented in different sizes at such distances that the 
squares all subtended the same visual angle. The only significant result dis- 
covered was that the field of perception, in spite of constant size of stimulus 
at the eye and of constant illumination, is greater at the nearer than at the more 
remote distances. Freeman has recently summarized the literature upon this 
anomaly in peripheral vision;* however, this anomaly is irrelevant to the point 
of our study. 

Kleitman and Blier mapped the visual fields of form discrimination for four 
figures—circle, square, triangle and five pointed star.‘ The figures were white 
upon a black background and were presented on a perimeter on which they 
were moved slowly inward until the subject could name them. Each figure 
was presented in five sizes. The diameters of the circles were 3, 5, 10, 15 and 
20 mm. Each of the other figures was inscribed in an imaginary circle whose 
diameter in all cases was 1 mm. larger than that of the corresponding circle 
figure. This was done in order to equalize roughly the surface area of the dif- 
ferent figures of a given magnitude. The limits of perceptibility of the four 
figures of a given size were found to be practically identical, “crossing and 
recrossing many times, in the records of the two subjects in the experiment.” 
The average extension for the figures of a given size was roughly the same. 
Visual acuity falls off more rapidly in certain meridians than in others. The 
extension was greater horizontally than vertically, and the temporal field was 
larger than the nasal. 

At the meeting of the American Psychological Association in Ithaca (1925), 
Geissler reported upon his experiments of form perception in indirect vision.5 
He used five white forms—square, triangle, diamond, sector, and circle—which 


2H. Aubert, Physiologie der Netzhaut, 1865, 240. 

3E. Freeman, Anomalies of peripheral visual acuity, J. Exper. Psychol., 
12, 1929, 324-340. 

‘N. Kleitman and Z. A. Blier, Color and form discrimination in the peri- 
phery of the retina, Amer. J. Physiol., 85, 1928, 178-190. 

5i.. R. Geissler, Form perception in indirect vision, Psychol. Bull., 23, 
1926, 135-6. 
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had areal surfaces of about 80 sq. mm. each and which were presented on a 
black cardboard background. The Os looked through an observation tube at 
the fixation-point and the forms were exposed in different trials at various 
distances from the fixation-point on the meridian of the perimeter for a period 
of two or three seconds. The O was required to name and describe briefly what 
he observed. The results of the 4 Os show “‘a gradual but not uniform increase 
in percent of wrong judgments toward the periphery, with few inversions.” 
The circle was most frequently correctly perceived, and the sector least fre- 
quently. Fewer errors in judgment occur in the horizontal than in the vertical 
meridian. 

While these studies have settled satisfactorily to their authors the points 
which they had in mind to determine, they are for several reasons inadequate, 
singly and in the aggregate, to give a satisfactory account of the nature of form 
perception in the peripheral field of vision. In the first place, the number of 
forms used in every one of these studies is very limited. No more than five 
different forms were used in any of these investigations. In the second place, 
the forms used were not sufficiently diversified in nature. They belong es- 
sentially to the class of familar forms, such as letters and geometrical figures. 
In the third place, too few Os were employed. Finally, the primary aim of 
every one of these studies seems from the records to have been the determina- 
tion of the outer limit of the visual field at which the figure can be accurately 
named. Writers, without making an experimental determination in regard to 
the facts in the case, generally manifest the tendency to regard perceptions at 
all points of indirect vision as necessarily having an equally incomplete and 
unclear character. Even a very recent writer labels ail of these perceptions 
“‘confused,’’* implying that in all parts of the peripheral field the same general 
character probably exists. 

Two methods have been used in investigations on this problem. Aubert, 
and Kleitman and Blier used the moving method. Here the stimulus is moved 
in slowly from extreme peripheral vision to the center of the visual field. Geiss- 
ler used the stationary method, by which a form was momentarily illuminated at 
different positions in the indirect field. Aubert and Férster used the latter 
method much earlier.? They presented cards, each of which bore a letter or 
number, in different cards at different distances from the point of fixation, and 
thus determined the distance from the line of regard at which letters and num- 
bers can be perceived. 


Tue EXPERIMENTS 


The principal object of the present study is to determine 
whether qualitative differences in the perception of form can be 
found at different regions in the peripheral field of vision. For 
this purpose we adopted the moving method, since it allows the 
possibility of noting changes in the perceptual datum from the 


‘W. Kohler, Gestalt Psychology, 1929, 242. 
7H. Aubert and R. Forster, Beitrige zur Kenntnis des indirekten Sehens, 
Arch. f. Ophthal., III, 1857, 1. 
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extreme point in peripheral vision where anything can be seen to 
that at which the form is finally clearly preceived. 


Forty-eight different figures appeared in the original set of stimuli. They 
may be classified in two ways. First, in regard to pattern, there were (1) out- 
line, (2) solid or filled, (3) partially filled and (4) incompletely outlined figures. 
Second, as regards familiarity and classification, there were (1) concrete objects, 
such as fish, camel, moon; (2) certain Arabic numerical digits; (3) capital let- 
ters; (4) geometrical forms, such as oval, diamond, triangle, hexagon; (5) 
mutilated or altered forms, such as the capital J with the hook turned in the 
wrong direction, a figure as a whole disoriented 180 degrees, the letter N with 
the diagonal connecting the terminals usually free, an incomplete triangle; and 
(6) certain of the nonsense figures given in Kline’s Psychology by Experiment 
(pp. 216f.). The members of these six classes were drawn, one-half in white upon 
a black background and one-half in black upon a white background, an equal 
number of each in every one of the varieties of pattern indicated above. There 
were a dozen members in each of the pattern classes, and eight in each of the 
other classes. The different figures used were too variegated to permit us to 
equate the areal size of all forms. We arbitrarily decided to make the main di- 
mension of all forms 15 mm. These were drawn on backgrounds of white or 
black, disks of 30 mm. diam., and presented on a Meyrowitz perimeter. Move- 
ment in all cases was at the rate of about one degree to the second, and in all 
trials in the direction from extreme peripheral to central vision. The distance 
from the O’s eye to the stimulus, as well as to the fixation-point, in our perimeter 
is26cem. The observations were made in a room equipped with a skylight. The 
field of vision of the right eye of all Os was explored in the four prin- 
cipal meridians, temporal, nasal, superior, and inferior. 

After the preliminary period of training, during which the Os acquired the 
ability to inhibit to a satisfactory extent the tendency to eye shifting, the 
regular series of stimuli was presented. When this series had been presented 
twice, we realized that time would not permit us to present every one of these 
stimuli in a number of repetitions sufficient to warrant quantitative calculation 
of the regions of change in the perceptual phenomena. Accordingly, we re- 
duced our series by selecting two figures from each of the following stimulus 
classes: (1) concrete (pig, crescent), (2) geometrical (hexagon, oblong), (3) 
capital letters (M, R), (4) mutilated or altered, (triangle with open apex, 
capital P with curved part disoriented 180°), and (5) nonsense (“‘Madrid’”’ and 
“Sicily” from Kline’s Psychology by Experiment, p. 217). This series was pre- 
sented ten times to every O. 

Eleven Os served in these experiments. Eight were undergraduates major- 
ing in psychology, and the other three were members of the staff. Excepting 
the senior author of this study, the Os were not aware of the object of the in- 
vestigation except as it may have been suggested by the general setting of the 
experiment. Two Os were slightly nearsighted. The other Os had normal 
vision. 

It should be pointed out that the conditions under which these 
observations are made are somewhat novel and difficult. 
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Ordinarily an object, in catching the attention in the peripheral 
field of vision, is promptly shifted to the center of vision for clear 
observation. In our experiment the O was required to inhibit the 
strongly ingrained tendency to shift the object to the center of 
vision and under these conditions to describe in detail its appear- 
ance at all positions at which it manifested changes. To give 
attention to an object at any point in indirect vision without 
bringing it into central vision is a rather artificial and unsatis- 
factory condition of observation. The three Hs—the three stu- 
dents whose names appear under the title of this paper—took such 
a position as would permit them to note eye-shifting in their Os 
and constantly reminded them of such shifts until eye control was 
acquired. The Os found, as Aubert long ago reported, that con- 
trol of eye-movements may be acquired under these experimental 
conditions. In this mode of observation, the attention is not 
focalized or directed to the center of the visual field but is directed 
outward from the point of fixation. To distinguish it from the 
more normal mode of focalized attention, we may designate this 
mode as marginal attention. In still another respect observation 
in our experiments was artificial in that it was at all times ex- 
clusively monocular. 
RESULTS 

As soon as the Os acquired the ability to inhibit eye-move- 
ments, it became apparent that there are in the peripheral field of 
vision several regions in each of which a figure manifests a different 
mode of appearance. It was also evident that, for a given O, all 
kinds of stimuli tend to make the transition from one of these 
regions to the next adjacent at roughly the same position. Kleit- 
man and Blier also found that the different figures which they used 
became perceptible at approximately the same point. In view of 
this finding we have decided to simplify our tabular presentation 
by throwing together the results of the ten members of our abbre- 
viated series, instead of making separate calculations for every 
figure. There is so much overlapping and relatively so little 
scatter as to render this procedure justifiable. The quantitative 
treatment of results includes the work with the abbreviated series 
only, but the qualitative descriptions cover the experiments with 
the original series as well. 

Four different modes of appearance may be distinguished as 
a figure is moved in over the visual field in any meridian. In order 
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of appearance, as the stimulus-figure is moved inward, we have 
labelled them (1) none, 7.e. the field was figureless, (2) formless 
figure, (3) form-like figure and (4) clear figure. Table I shows the 
average point (in degrees) at which the ten figures enter these 
zones for the different Os. The averages appear in the upper row 
of figures and the mean variation in each case is placed immediately 
below the average to which it belongs. The combined average of 
all Os is given in the last column of figures. 

A study of the table shows that all of these regions extend 
farther in the temporal quarter than in any of the others, and, 
aside from a slight exception in the limit of the clear-figure region, 
that they are most restricted in the superior field. The nasal and 
inferior fields have approximately the same extents, although the 
former tend to be slightly greater in most cases. It may be pointed 
out that, in regard to color sensitivity, roughly the same variations 
in asymmetrical distribution of color zones have been found. 
However, in a comparison of our results with those of color sen- 
sation, a notable difference occurs in the fact that all kinds of form 
tend in general to manifest the same change at roughly the same 
points. 

The table also indicates that the clear-figure field is restricted 
more for certain Os than for others. With fair consistency, in the 
case of these Os, the other regions also tend to be more restricted. 
While we have made no experiments for the purpose of throwing 
light directly upon such a practical problem, we none the less 
suggest that these Os with restricted peripheral fields may work 
under sensory handicap in complex acts, such as operating the 
motor car in heavy traffic, where a number of scattered visual 
items must be brought into the field of clear vision within very 
brief temporal compass. 

The qualitative characterizations of the modes of appearance 
in each of the four regions are as follows. 


(1) Figureless field. When the stimulus pattern first becomes perceptible, 
the background is perceived without any figure upon it. The background lacks 
outline and definition and is described as a vague, blurry, hazy or cloudy, 
shapeless field or spot. Occasionally it is described as lacking surface charac- 
ter, devoid of detail and as having an apparent softness. Several Os reported 
that, as compared with its appearance farther in, the brightness of the spot is 
toned down somewhat, i.e. it is less bright or less dark than in more central 
regions. This variation in brightness takes place so gradually that the change 
is not perceptible, but the O recalls that a few moments ago the stimulus looked 
less bright or dark. 
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(2) Formless figure. This region begins at the point at which the O first 
reports that he notices anything upon the background. In the outermost part 
of this region, most of the Os report fairly regularly a faint spot, which even in 
outline figures is seen as filled in, and which seems to be smaller than the actual 
figure which appears when the stimulus reaches a more central point. The 
probable explanation of the apparent reduction in the size of the spot is to be 
found in the fact that a vaguely perceived object is normally at a great distance 
and therefore subtends a smaller angle upon the retina than the angle normally 
subtended by that object when clearly perceived. The fact that in this region 
outline figures appear filled in may be explained if we suppose that the stimulated 
retinal elements are not supplied by enough different optic fibers to provide 
differentiation within the perceptual pattern. Cajal found that in the central 
part of the retina almost every cone and rod is supplied by a separate optic 
fiber, whereas in the outlying regions of the retina a single optic fiber supplies 
a number of retinal terminals.’ It is probable that in the formless field of per- 
ception the stimulus fails to excite enough elements belonging to an adequate 
number of optic fibers to give differentiation in the visual pattern. 

Farther inward but still in this formless area, the faint spot or splotch breaks 
up into lines which are characterized as a jumble of lines or an unorganized 
heap of marks. There is now an initial tendency to differentiation within the 
figure or pattern. However, the lines are still so unclear that they fail to give 
a suggestion of formal relationship. The figure is described as novel and un- 
classified, and there is no tendency to name it. The only indication that the 
figure at this stage bears likeness to the figure which, at more central points, 
this stimulus evokes consists in the fact that frequently the O reports the major 
dimension of the figure. This dimension has acquired a higher degree of 
salience than the other lines of the formless mass and its direction is often 
accurately reported. The other lines, however, are still so intermingled that 
the figure is perceived as a disorganized figure. We have in this stage, at least, 
the incipient tendency to correspondence of object and precept. 

(3) Form-like figure. Throughout this region the figure is acquiring organi- 
zation, although it is not yet perceived clearly enough so that it is accurately 
named and characterized. The region begins at the point at which any sug- 
gestion in regard to shape is first made. Two subdivisions may be distin- 
guished in this region, although they are not in every case clearly distinct. In 
the outer one, the jumble of lines of the adjacent outer region rather suddenly 
becomes organized into a figure, which is essentially unclassified. The Os 
experience difficulty in characterizing it, except in regard to the most general 
items of shape. They say, for example, it is straight-sided, or round, or it has 
a body with elongated processes or tentacles. A scallop-shell figure is seen 
as round; the letters M and H as straight-sided. Many details of a figure are 
unnoticed or filled in. If a label is applied, it is used with uncertainty and 
qualification. 

The second subdivision of this region begins when the figure acquires or- 
ganization sufficient to suggest one or more tentative labels. It is still not 
seen clearly enough to be accurately described and named. Certain details 


8R. y Cajal in L. Luciani’s Human Physiology, 1917, IV, 335-6. 
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which are unnoticed in the outer region may now be reported, but the de- 
scriptions are still liable to error. Salient features, such as angles, parallel 
sides, etc. serve as cues to suggest one or more tentative classes. In certain Os, 
there is a tendency to mention a number of names, all of which correspond 
roughly with the salient features of the figure, and to wait expectantly to apply 
the most fitting label when the figure has acquired greater clearness. Other 
Os manifest the tendency to label the figure by the first suggested name, 
which often is incorrect, and to adhere to this until it becomes clear enough 
to confirm or reject it. Owing to the fact that the first suggested class cor- 
responds roughly with the salient features of the figure and that memory 
overlay plays an important réle in the perceptions of these Os, the first suggested 
label is usually accepted until the figure has reached the outer limit of the 
region of clear perception. To novel and mutilated stimuli are assigned one 
or a series of classifications just as readily as to the familiar ones. The former 
are no less promising of classification than the latter in this region. 

Certain of the Os take the attitude of anticipating the figure; others are 
more objective and tend to resist anticipations until the percept has acquired 
sufficient clearness to suggest an acceptable form. Each group of Os is fairly 
consistent with his own standard in this particular. All report a higher degree 
of attention, combined with increase in muscular tension, during the time when 
the figure is becoming auspiciously integrated and familiar than either at the 
time when it is perceived as disorganized or when it passes eventually into the 
field of clear vision. 

As the novel figure begins to acquire, or to give promise of acquiring, a 
figure classification, most of the Os report certain movements in the figure. An 
O is uncertain whether a figure is the square or the oblong, and reports a series 
of alternations of elongating and telescoping movements in the figure until it 
has reached a position at which it can be clearly seen. One end of the ellipse 
makes similar alternations between a pointed and a rounded end as an O is 
uncertain whether the figure is an ellipse or a true oval. Asa rule, these changes 
take place suddenly, although there are occasional reports of delayed fluctua- 
tions of this sort. 

In a similar manner, certain details of a figure are altered, shifted or ig- 
nored so as to effect correspondence of perceived lines with the imagined figure. 
The vaguely perceived lines usually suggest several tentative figures. In each 
case, the vaguely perceived pattern looks different from moment to moment, 
corresponding with each change in imagined figure. This tendency is shown 
by Os who tend to classify the figures in one way only as well as by those who 
successively assign the figures to different classes. As examples of the latter 
type, the letter K is first reported by an O as H in which the two verticals with 
the connecting line are described, then as X in which the vertical side of the 
figure is altered so as to form this figure, then as two triangles with apices 
joined in which the vertical side is again bent outward so as to form regular 
triangles, then as the letter R in which there is filling in at the superior opening, 
then as P in which the lower diagonal is completely ignored, and finally cor- 
rectly as K. Likewise, another O sees the pig first as a blimp in which its feet 
are ignored or shifted to the center of the figure to form the cabin, then as a 
dog in which the legs and body of the pig are greatly lengthened, then as a 
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cartridge on its side in which the legs are totally overlooked and the anterior 
part modified so as to form the point of the cartridge, then as the dog again 
and lastly as a pig. Instances could be cited in which the correct classification 
is reported twice in such a series of labels, once early or near the middle of the 
series and again at the end as the figure acquires sufficient clearness to be 
definitely seen. The accidental suggestion of the correct classification at an 
early point in this stage does not serve to inhibit the emergence of other labels, 
owing to the fact that the figure is not yet clearly seen. 

Our experiments in this region of the field of indirect vision demonstrate 
clearly the intimate way in which central and peripheral processes are inter- 
woven in the perceptual function. The fact that the figure is presented in such 
a position that it is unclear and that it acquires clearness only gradually serves 
to effect a retardation in the development of a definite class label, and thus 
reveals the manner in which a vague objective pattern undergoes apparent 
changes in correspondence with shifts in subjective content. Under these 
conditions, it appears that, within certain limits, the objective content is not 
perceptually determinative and positive but is capable of manifesting variable 
modes of appearance. The most conspicuous changes include: (1) the ignoring 
of a part, or parts, of the figure; (2) the addition of something to the figure; 
and (3) the shifting or altering of the figure, in part or as a whole, in regard to 
direction, extent, position, magnitude, etc. These findings bear resemblance 
to the illustrations given by Kohler in Chapter III of his Gestalt Psychology. 

(4) Clear figure. This region begins at the point at which the figure is 
accurately seen and positively named. The determination of the outer limit 
of this field was the task of earlier investigators (vide supra). As the stimulus 
approaches the outer limit of this field, the Os who manifested the tendency to 
multiple classification in the previous region tended either to eliminate certain 
of the tentative classifications or to select one or two of the most promising ones 
and thus continue until the correct figure was apprehended. The other Os 
adhered to the classification first tenatively adopted until it was positively 
confirmed or they abandoned it for a newly suggested form. In the case of all 
Os the final clarification of the figure was characterized as taking place gradu- 
ally rather than suddenly. Even within the region of clear perception, the 
figures grow gradually clearer until they reach the center of the visual field. 
When the figure is clearly seen and definitely named, the Os report a general 
relaxation in muscular tension. Details, such as mutilations, are accurately 
described, and novel figures to which tentative labels have been assigned are 
accurately described and the labels promptly dismissed. No type of figure 
manifests a consistent advantage over others in the matter of being perceptible 
farther afield. 


CLASSIFICATION 
All of the stimulus forms are unclassified in the outermost parts 
of the field of vision, despite the fact that in central vision most of 
them are classified. Accordingly we attempted to secure reports 
of the experiences at the moment when the figure made the change 
from an unclassified to a classified form. In spite of the fact that 
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the stages in transition from unclassified to classified figure are 
frequently drawn out and consist in distinct steps, the occurrence 
of each step in the sequence is uniformly characterized as sudden 
rather than gradual. In certain trials the number of steps in the 
sequence are few, in others there are many. Almost invariably 
increased kinaesthesis is reported to occur during the transition 
from unclassified to classified figure. In the extreme periphery, 
where the figure is unclassified, the O is passive, but as suggestions 
of class come there is increased muscular tension until a definite 
class is accepted, whereupon relaxation takes place. As a rule, 
the general class to which a figure belongs—letter, geometrical 
form, ete.—is reported earlier than the specific figure name. Most 
frequently incipient speech activity is reported just preceding the 
appearance of the general class name, as is also the case just pre- 
ceding the appearance of the specific form name. Imagery of 
various kinds, mostly visual, is sometimes reported but seems to 
play a subordinate réle in the situation. 

Four stages in the development of classification may be 
differentiated. First, there is the pre-perceptive stage in which a 
form is seen but is not referred to a class, general or particular. 
The O has a vague notion that at any moment he will be able to 
cognize the figure. This anticipation of cognition is supported by 
increase in muscular tension which now sets in and continues until 
the figure is eventually identified. 

In the second place, the general class name, is suggested. In 
certain Os a vaguely described kinaesthetic or visual schema of 
localization is called into operation in this stage. The different 
general classes of form occupy definite positions in a vaguely ex- 
perienced kinaesthetic or visual field. Only two Os rely upon this 
sort of aid in initially localizing the figures. The other Os merely 
give the general class name verbally in this stage. 

The second stage is sometimes omitted in cases where the third 
stage, the specific figure name, appears immediately following the 
initial pre-perceptive stage. The specific verbal label appears 
before the figure is sufficiently clear to be positively identified, and 
frequently a series of specific names within a general class is 
tentatively assigned. 

The last stage is that of verification or positive identification. 
The figure is now clearly seen and recognized, and mutilations are 
accurately noted and nonsense forms are first perceived as in- 
capable of classification and accurately described. 
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PHYSIOLOGICAL THEORY 

Several physical or physiological factors may be mentioned 
as contributing more or less to the inadequacy of perception in 
the peripheral field of vision. In the first place, the mechanism 
of accommodation may be perfect for the foveal region only. In 
the second place, the light rays from an object in indirect vision 
strike the cornea and lens less directly and for that reason under- 
go greater spherical aberration or astigmatic effect. Thirdly, the 
density of retinal elements stimulated by the figure and the num- 
ber of optic fibers which supply these retinal terminals has been 
suggested as a principle of explanation. Fourthly, the retinal 
terminals in the field of indirect vision, may, as one proceeds from 
center to periphery in the retina, become more and more un- 
developed, rudimentary or ineffective, perhaps in part from lack 
of use. 

While all of these factors may contribute to the condition of 
inadequate perception in the periphery, we are inclined to believe 
that the principal factor is to be found in the retina. If the ex- 
planation were essentially in terms of optical defect, greater ir- 
regularity might be expected in our results. The results of the 
two Os who are slightly near-sighted might also be expected, if 
that theory were correct, to show anomalies which are not apparent 
in the results of two Os, Eand K. As between the third and fourth 
views, the histological examination of retinal elements fails to 
indicate any radical difference between those in the center and in 
the periphery of the retina. Consequently we must fall back upon 
the fact of difference in nerve supply which Cajal discovered 
(vide supra). 

There is also no doubt that central or cerebral factors play a 
part, since in the form-like region a tentative classification tends 
to produce alterations in the appearance of a vaguely perceived 
figure. However, the prepotency of retinal function is indicated 
by the fact that the several forms tentatively assigned in this 
region are invariably reduced to the true form as soon as the figure 
is clearly seen. 

SUMMARY 

Four different fields of the apprehension of form are demon- 
strated in the visual field in the four major quarters. In the outer- 
most one—figureless field—the background only is perceived; 
there is no figure. In the adjacent field—formless figure—an un- 
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organized mass of marks or lines which are meaningless is vaguely 
seen, and the principal dimension of the figure may be reported. 
In the next zone—form-like figure—there is a figure formation 
which suggests several names in succession, and this figure may 
manifest different modes of appearance to correspond with the 
successive arousals of names tentatively accepted. Mutilated 
figures and alterations of details of figures are not perceived in 
this region because of indistinctness of the figure. In the inner- 
most region—clear figure—the details of the figure are accurately 
perceived. 

The four regions just named are most extensive in the temporal 
and least so in the superior quarter. The nasal and inferior fields 
have roughly the same extent in all cases. For a given QO, all 
figures tend to make the transition from one region to the next 
adjacent at approximately the same point, that is to say, the zones 
for all figures are roughly coextensive. Individual differences 
appear in the extensions of the various fields. 

In view of the fact that in these experiments a figure passes 
gradually from an unclassified to a classified position, several steps 
and conditions in the process of classification are indicated. In- 
creased kinaesthesis takes place during the transition and vague 
localization schemata are mentioned. The figure first appears 
formed but unfamiliar, then the general class name is suggested, 
then the specific name (or names) appears, and finally the figure 
is positively identified and recognized. 

The explanation of inadequate vision in the indirect field may 
be attributed to (1) optical defects, astigmatic conditions, etc., 
or to (2) some retinal factor. In view of the consistency of our 
results, the retinal factor appears to be the more probable ex- 
planation. The reduction in density of retinal terminals in the 
periphery and the fact that an optic fiber in indirect vision supplies 
a number of terminals, whereas in the fovea each optic fiber 
supplies only one or at most two terminals, is probably a sufficient 
explanation of the differences existing between central and peri- 
pheral perceptual adequacy. 


A PHENOMENOLOGICAL DESCRIPTION OF 
RETINAL RIVALRY 


By Max Meenss, Lehigh University 


Although a great deal of work has been done on retinal rivalry, 
interest has rarely been shown in the phenomenological character 
of the process itself. Rivalry has often been considered as a hin- 
drance to binocular mixture or as an obstacle to the fusion of the 


monocular fields into a coherent binocular field.! 

For Dobrowolsky? rivalry occurred under bad conditions of mixture and 
“the disappearance of mixture and the appearance of rivalry of the fields of 
vision depended upon the fluctuations of convergence and unprecise fixation.”’ 
Chauveau was interested in eliminating rivalry, as was Trendelenberg, since it 
stands in the way of fusion.* Mixture, and the extent to which it occurred in 
rivalry was also the main concern of Dawson.‘ Kuroda‘ looked upon rivalry 
as a phenomenon intermediate between dominance and mixture which to him 
were the two extremes of a series of binocular phenomena. Other investi- 
gators were concerned with the relation of attention to rivalry. Helmholtz, 
Volkmann, and Ruete maintained that rivalry may be voluntarily controlled 
and is subordinate to attention, while Hering and Panum took an opposing 
position; Fechner and Aubert upheld the middle ground.* Breese maintained 
that rivalry is a case of psychological inhibition and found attention to be a 
conditioning factor.” 

Another matter of controversy for the early investigators was the question 
of the extent to which mixture or rivalry occurs in the common field of vision 
when two different colors are presented simultaneously, one toeacheye. Wheat- 


*Accepted for publication September 29, 1929. 
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stone® cited Du Tour as the first to get rivalry with colored glasses. Aubert 
and Panum believed that some mixture was always present in rivalry and 
Dawson attempted to determine the extent of mixture in rivalry.® 

Volkmann defined rivalry physiologically as “the sensation arising when 
differently colored light rays fall on identical retinal points,’ and Fechner, in 
terms of stimulus, wrote: “If one has different kinds of contours crossing or 
adjoining in the visual field of the two eyes, rivalry or reciprocal intrusion 
usually results in that now the one, now the other, appears with the ground 
coloring adjacent to it.’”*° Hering and Ruete both said that ‘‘only when a 
contour of one retina crosses a contour of the other does a rivalry between the 
contours occur at the crossing place.” We shall see that the statement of 
Hering and Ruete is not quite true for we have been able to set up rivalry by 
using for each eye different figures which are not physically designed to cross, 
and often do not phenomenally cross, in the common field of vision. For 
Helmholtz rivalry was the fluctuation between parts of the two fields of vision, 
while Breese and Kuroda defined it in terms of the physical conditions under 
which rivalry occurs.” 

Scant bits of description of rivalry are to be found in the literature more or 
less buried in a mass of explanation. Fechner says that now this, now that, 
color dislodges the other patch-wise over a large extent or even for a time over 
the whole extent. Hering says," “If a yellow and blue are brought to binocu- 
lar correspondence pure yellow may first appear at one place, at the next mo- 
ment it suffers from the admixture of blue, then becomes grayer and grayer 
until finally it is seen submerged in pure gray. Out of this neutral mixture the 
blue now forces itself more clearly to the front, finally completely subdues the 
yellow and now fills the place in the visual field alone. The victory of the blue 
does not take place simultaneously over the whole field of battle but the 
phases of the battle are different at different places.”” Helmholtz says, “For 
the most part the restless peculiar color fluctuation is at its liveliest at the 
beginning; then the sensitivity for the colors is blunted and the aspect becomes 
quieter, taking on an indistinct more grayish color which fluctuates continually 
and stepwise between a reddish and more bluish hue.”” Ruete and Dawson 
call attention to a difference in localization of the members in rivalry in the 
third dimension."* 

Turning to rivalry of figures we find that Wheatstone reported on presenting 
a figure S to the left eye and a figure A to the right, in coincident circles, that 
“the common border will remain constant, while the letters within it will 
change alternately from that which would be perceived by the right eye alone 
to that which would be perceived by the left eye alone. At the moment of 


8C. Wheatstone, Contributions to the physiology of vision, Philos. Trans., 
2, 1838, 386. 

*hubert, op. cit., 298 ff.; Panum, op. cit., 38 ff.; Dawson, op. cit., 510 ff. 

10Volkmann, Miiller’s Archiv, 1838, 373; Fechner, op. cit., 388. 

llHering, Beitrage zur Physiologie, 1861, 373; Ruete, op. cit., 129 ff. 

Helmholtz, op. cit., 767; Breese, op. cit., 18; Kuroda, op. cit., 282. 

13Fechner, op. cit., 384. 

“Hering, Beitrage zur Physiologie, 1861, 313 f. 

Helmholtz, op. cit., 774. 

%Ruete, op. cit., 129; Dawson, op. cit., 525. 
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change the letter which has just been seen breaks into fragments, while frag- 
ments of the letter which is about to appear mingle with them, and are im- 
mediately after replaced by the entire letter.” Panum" said that in presenting 
a vertical line to one eye and a horizontal to the other the vertical line cuts 
through the horizontal. (The present writer has found, on the contrary, that 
the horizontal tends to cut through the vertical.) Hering and Helmholtz also 
used the cross-figure as well as a number of others and Hering described the 
fluctuations and instability of the central part of the cross-figure fully.” Hoppe 
found an unstable superposition of two sets of lines and Lau, on showing the 
parallel lines of the Zéllner figure to one eye and the criss-cross lines to the 
other, found that the two sets of lines were seen in different planes.» Nowhere 
do we find more than a few brief bits of description. 


It is the purpose of this paper to deal with the phenomenon of 
retinal rivalry in its own right and to attempt a phenomenological 
description of the process or processes customarily called rivalry. 
We shall concern ourselves only incidentally with conditions which 
influence the process and shall not seek to make an exhaustive 
study of such conditions. The investigation was begun in the 
Psychological Laboratory of Cornell University, and was carried 
through to completion at Clark University.” 

Observers. The Os were Dr. L. B. Hoisington (H), a member 
of the instructing staff at Cornell with much experience in ob- 
serving on psychological experiments; Dr. J. P. Nafe (N), a 
member of the instructing staff at Clark with about four years 
training in observation; Dr. C. A. Dickinson (D), Honorary 
Fellow at Cornell with about two years training in observation; 
Mr. G. Kreezer (K), and Miss H. Bateman (B), first year gradu- 
ate students at Cornell with no previous training in observation; 
Mr. F. Geldard (G), and Mr. R. W. Nafe (2), graduate students 
at Clark each with one year of previous training in observation. 


I. EXPERIMENTS WITH COLORED GLASSES AND 
FIGURED BACKGROUNDS 
Apparatus. A wooden frame to hold the colored glasses was constructed to 


fit over the tubes of a Ludwig tropostereoscope mounted on adjustable stand- 
ards. A sheet of white cardboard, with a brightness value of 0.845 when 


17Loc. cit. 

18Op. cit., 17 ff. 

Hering, Hermann’s Handbuch, ff., and Grundziige der Lehre vom Licht- 
sinn, 1920, 241 f; Helmholtz, op. cit., 767 

a0J, Hoppe, Psychologisch-physiologische Optik, 1881, 152 ff.; E. Lau, 

Versuche tiber as stereoskopische Sehen, Psychol. Forsch., 2, 1922, 1-4. 
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compared with a magnesium carbonate target, was set up in a frame 50 cm. 
from the wooden frame of the tropostereoscope. On this white cardboard were 
drawn two series of oblique parallel lines sloped at an angle of 45°. One set of 
lines sloped from the upper left down to the lower right of the field and was 
arranged in such a way as to be seen with the right eye only, and the other 
set sloped from upper right to lower left and could be seen only with the left eye. 
The stripes were of black ink, 1 mm. wide and 2 mm. apart and ran obliquely 
all the way across one or the other of the monocular fields. The Os looked at 
these fields of differently directed oblique parallel lines through colored glasses, 
different for each eye, set in the frame of the tropostereoscope. 

The glasses used were the set of seven monochromats of the Wratten Light 
Filters prepared by the Eastman Kodak Company, and one ordinary yellow 
glass of low absorption value. These monochromats are numbers 70 (dark red), 
71A (light red), 72 (orange), 73 (yellow green), 74 (blue green), 75 (blue), and 
76 (violet). The percentage transmission of the eighth glass used, the ordinary 
yellow, was: 


Wave length: 450 480 500 520 540 560 580 600 640 680 
Transmission: 6. 323 30 54 60 63 60 59 


The stimuli were presented by the method of paired comparisons, the space 
error being compensated for by presenting each color an equal number of times 
to each eye. All experiments were performed in a dark room where the light 
from two 200-w. Mazda bulbs filtered through Gage ‘daylight’ glass and fas- 
tened to standards 1.5 m. from the floor on each side of the O, illuminated the 
cardboard evenly and was reflected down the tubes of the tropostereoscope and 
through the colored glasses. 

Instructions. The following instructions were read to the Os: ‘You are to 
give a full description of experience with special reference to moments of change 
in the field of vision. You may give the report while the experience is going on.”’ 


Results. In the rivalry of colors and differently directed sets 
of diagonal lines, the lines usually make their appearance before 
the color belonging to them. While change is actively progressing, 
one set of diagonals becomes gradually more and more prominent, 
darker, and clean-cut, while the other set disappears. Sometimes 
the color comes in along the lines between the diagonals, in which 
case it progresses fairly uniformly across the field, usually with 
the diagonals slightly leading, but sometimes across the diagonals, 
when the lines appear to bound the color which comes in haltingly, 
‘flopping down’ at each diagonal as if the diagonal served to halt 
the process. Each set of lines was apprehended as belonging with a 
particular color. The report of the Os was usually given in terms 
of one of the members of the rivalry and the changes were appre- 


*Transmission and absorption values for these glasses may be found in 
Wratten Light Filters, published by Eastman Kodak Co., 1925, 47 ff., 68 f. 
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hended as taking place in relation to it; thus there was an active 
and a passive member of the rivalry. Only occasionally were 
the two members in rivalry almost equal in dominance. 


The active member is apprehended as being nearer the Q; it 
expands and contracts covering or blotting out the passive, or it 
thins out exposing the other, and is more filmy, more distinct and 
more mobile. When neither member predominates, parts of each 
color with its set of lines may be seen in different parts of the field, 
but more frequently one of the members predominates and is seen 
more clearly and in front of the other. When the two colors appear 
equally bulky there is no difference in apparent localization; in 
other cases the more filmy color is nearer the O. The active, nearer 
color fluctuates in filminess, thickening up or thinning out. The 
passive member is usually seen through the thinned out, filmy, 
active one. The diagonals with the passive color never come out 
as clearly and as sharply nor do they appear as dark or as black as 
those with the active color, though they have the same stimulus 
value. 

II. EXPERIMENTS WITH COLORED GLASSES 


Apparatus. For the first part of this work, involving H, D, K, and B, the 
experimenter employed the hood of a Brewster-Holmes stereoscope from which 
the lenses had been removed. It was mounted on a stand adjustable to the 
sitting height of the Os. On the back of this hood a wooden frame was con- 
structed to hold two colored glasses, one for each eye. The same colored glasses 
were used as in the preceding experiment but in place of the card with the dif- 
ferently directed diagonals there were three different cards, each of uniform 
grayness and set in a frame 16 cm. from the back of the hood. The cards had 
the value of 0.042, 0.126 and 0.845 when equated with the magnesium carbonate 
target, and each card was presented in turn with each pair of colors. The 
lighting conditions, instructions and procedure were the same as in the preceding 
experiment. The light was reflected from one of the gray backgrounds through 
the colors. 

For the second part of this work, involving N, R, and G, the experimenter 
made use of a haploscope consisting of two parallel cardboard tubes 4 ft. in 
length and 2in.in diameter. The insides of the tubes were lined with white and 
were free from contours or irregularities. These tubes were set, interocular 
distance apart, in a large wooden frame designed to shut off all light from the O 
except that reflected down the interior. The whole apparatus was set in a dark 
room. A stereoscopic hood was mounted over the end of the tubes nearest the 
O to shut out lateral light, and a wooden frame to hold the colors used as stimuli 
was attached to the other end of the tubes. This frame held two colors, one 
fitting over the end of each tube, and thus each seen with one eye only. A 
sheet of white cardboard serving as a background for the colored glasses, was 
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set up 17 cm. from the far end of the tubes. Between this cardboard and the 
frame on the tubes were two 150-w. daylight Mazda lamps. The light from 
these lamps was reflected from the white background through the colored 
glasses and down the length of the tubes. This apparatus permitted great 
freedom in manipulating and controling the stimulating conditions. The 
glasses used, instructions and procedure were the same as before. 


Results. The process of rivalry proved to be essentially the 
same under these conditions as in the preceding case of colored 
glasses with differently directed diagonals. It also appeared that 
the lighter the background the more lively the rivalry. Neverthe- 
less phenomenologically rivalry was in this case also an experience 
in every way like that of the earlier experiments. There was an 
active and a passive member, each having the characteristics al- 
ready described above. 

In general, it may be said that rivalry is a tridimensional ex- 
perience in which the active color spreads over the whole field al- 
though it cannot be said to ‘advance’ because there are no con- 
tours. The passive color shines through the active as the active 
thins out in withdrawal. The more stable, the less active, color is 
the more persistent. The front color is more ‘surfacy,’ more filmy, 
and acts as the invader, while the color behind it is the more bulky 
and the more constant. 

Fractionation. In four series the Aufgabe was narrowed and 
a report on one specific aspect of the experience was required. 
The stimulating conditions were unchanged; only the instructions 
were varied. These results follow. 

(1) Texture. The Os were instructed to ‘‘name the color or 
colors, and to report on the texture of colors seen and changes in 
such texture, if any.” Nothing new came out of this series. 

(2) Localization in the third dimension. Here the Os were 
asked to report on the “relative localization in the third dimension 
of the colors seen and changes in the relative localization, if any.” 
R had great difficulty in following these instructions and reported 
tridimensional differences but rarely, though there are a fair num- 
ber of such reports in his earlier introspections. The other Os re- 
ported such differences in well over half the cases. 

No difference in localization was reported when the colors in 
rivalry appeared to the O to be of the same texture, but when there 
was a difference in texture the more filmy color was reported on a 
plane in front of the other, between the other color and the 0. 
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These differences in tridimensional localization and texture were 
independent of ocular differences, for the reports were the same 
no matter which color was seen by which eye. The reports were 
consistent for each O but since they varied with the O no attempt 
was made to arrange the colors in respect to relative filminess and 
nearness. 

(3) Stability and movement. The Os were instructed to re- 
port on “whatever differences in the stability of the members of 
the rivalry” were observed. 

Under this Aufgabe, the Os ordinarily reported a difference in 
stability which correlated very highly with the differences in tex- 
ture and relative localization in the third dimension. One color 
was usually apprehended as the stable member while the other 
was taken to be the invader, the active, the one which did the 
moving, spreading, etc. The stable member corresponded in 
general with the less filmy and the color further away from the 0 
in space, while the active or invading member corresponded to the 
more filmy and nearer color. These results were also independent 
of ocular difference and were consistent for each O although there 
were small individual differences. 

(4) Comparison of colors seen monocularly and in rivalry. In 
this series the Os were instructed as follows: “‘At the ready signal 
you are to bring your head with eyes closed into position in the 
hood of the haploscope. At the first ‘now’ signal, open the right eye 
only and observe the field of the right eye. At the second ‘now’ 
signal open the left eye and describe whatever changes occur in the 
field seen first with the right eye only.” In half of the experiments 
in this series the instructions were modified, ‘left’ being substituted 
for ‘right’ and ‘right’ for ‘left.’ 

The results show that there is a change in brightness, extent 
and texture in the color seen first monocularly and then in rivalry 
with another color. Usually the color becomes darker, although 
violet changed in the direction of brighter. Often the second ex- 
perience is reported as different, there being practically nothing in 
common between the two experiences. These results also appear 
to be independent of ocular difference. 


III. Rivautry or Hvuewess FIGURES 


Various designs were drawn with black ink on white cardboard 
and were placed in a frame 16 em. from the far ends of the tubes 
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of the haploscope. Each figure was so constructed as to come well 
within one of the monocular fields. The Os were instructed as 
follows: “‘At the ready signal you are to bring your head with eyes 
closed into position in the hood of the haploscope. At the now 
signal open the two eyes together and look down into the tubes. 
Give a complete description of experience with special reference to 
moments of change in the field of vision.” 

The designs used were as follows: (1) vertical line 3 cm. long 
and 3 mm. wide; (2) horizontal line 3 cm. X 3 mm.; (3) vertical 
line 2cem. X 3 mm.; (4) horizontal line 2 cm. X 3 mm.; (5) vertical 
line 1 em. X 3 mm.; (6) horizontal line 1 em. X 3 mm.; (7) vertical 
broken line consisting of two parts, each 12 mm. X 3 mm. with a 
gap of 6 mm. in the center, total length of figure 3 cm.; (8) hori- 
zontal figure of same dimensions as (7). 

(a) Similar figures differently directed. In this series every 
design was presented in turn to each eye but was always paired 
with an identical figure differently directed, presented to the other 
eye; e.g. left design (1) and right design (2). Rivalry always 
occurred, never a stable design. 

Each O reported movement, difference in stability, and changes 
in quality. In general the horizontal bar was reported as the 
active member, the blacker, and the more mobile, for it appeared 
to break the vertical. The Os reported a design much less stable 
than the Helmholtz cross, * the arms of which Helmholtz described 
as being quite black at the ends and almost white where they 
border on the central black square. The Os reported no such 
symmetrical design with a stable square in the center and fluctua- 
tions in brightness of the four arms of the cross near the central 
square. There was no black central square separated from the 
arms of the cross; in fact, the Os did not describe any kind of 
union of the two designs. 

(b) Different designs similarly directed. Two vertical (or two 
horizontal) designs differing in length were presented simultan- 
eously, one to each eye. Rivalry always occurred under these 
conditions; never was a single fused durative impression reported. 
The shorter line was usually reported the more active, and the 
darker, changing less in quality. 

(c) Different designs differently directed. The stimulus- 
designs in this series were the same as in the two preceding but 


%0O>p. cit., 767 ff. 
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they were always paired in such a way that they differed in size 
and direction. In each presentation one design was vertical and 
the other horizontal and the two were of different size. 

The horizontal line was the active member of the rivalry; fre- 
quently, even when longer than the vertical, it did most if not all 
the moving, and was qualitatively the more stable and the darker. 
It disappeared or broke much less frequently. 

(d) Miscellaneous designs. In addition to the eight stimulus- 
designs used in the three preceding series we introduced the follow- 
ing new ones: (9) two lines 3 cm. X 3 mm. joining near the lower 
right corner to form a right angle; (10) two similar lines joining at 
the upper left corner to form a right angle; (11) two vertical 
parallel iines 3 cm. long X 3 mm. thick and 27 mm. apart; (12) 
two horizontal parallel lines of the same dimensions and distance 
apart. Stimulus-designs (9) and (10) were so constructed that 
when presented together in a common field of vision, one to each 
eye, and when measured from a common central fixation point, 
they formed a square. Stimulus-design (11) and (12) were also 
constructed with the same end in view. 


The results show that in the combined visual field the ends of 
the designs never united to form a coherent figure, the expected 
square, but that rivalry invariably took place at the free ends. 
The two angles, as well as the two sets of parallel lines, never 
formed a square and were reported as not belonging to each other. 
There were frequent reports in terms of active and passive mem- 
bers with the same characteristics reported above. 


IV. Rtivatry or OBJEcTS 

The haploscopic arrangement used in the preceding experi- 
ments were used in this series also. Small wooden cylinders were 
used as stimulus-objects. These objects were: (1) a vertical 
cylinder 3 cm. long and 3 mm. in diameter; (2) an horizontal 
cylinder of the same dimensions; (3) a vertical cylinder 1 cm. long 
and 3 mm. in diameter; and (4) an horizontal cylinder of the same 
dimensions. These objects were presented in pairs, one to each 
eye, against a black velvet background, with distracting shadows 
reduced to a minimum. 

In spite of the fact that under the conditions of our experiment 
these stimuli were not seen as tridimensional objects but appeared 
to the observer rather like the figures shown in the preceding 
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series, it seemed well to use a short series of experiments with tri- 
dimensional objects as stimuli in order to see if the experiences set 
up differed from those in the preceding series. However, rivalry 
under these conditions was essentially the same as in the fore- 
going series. 
CONCLUSIONS 

(1) Rivalry is the differential behavior of two visual members, 
integrated into a “unit-like complex.” It is a complex of durative 
visual experience in which one set of experiences, apprehended as a 
unit, behaves differently from another set of experiences, also 
apprehended as a unit. 

(2) Usually one member predominates, though alternation is 
possible; hence there are an active member and a passive member. 

(3) The active member is nearer the O; the passive is further 
away. 

(4) The active member undergoes a patchy expansion and 
contraction; the passive is covered by it, or blotted out by it. 

(5) The active member is filmy; the passive is less so. 

(6) The active member is blacker in black on white objects; 
the passive is grayish. 

(7) The active member is distinct; the passive is blurred. 

(8) The active member is mobile; the passive is static. 

(9) The active member behaves as the ‘invader.’ 

(10) The active member is apt to be determined by a hori- 
zontal stimulus. 

(11) The active member is even more apt to be determined 
by a smaller stimulus. 

(12) All these results are independent of ocular difference. 

(13) The unit-like character of the complex is derived from 
the reciprocal relation of the attributes noted in (3) and (8) above, 
and is thus unlike figure and ground, the fluctuations of the 
negative after-image, or fleeting clouds. 
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THE POSTURE OF NURSERY SCHOOL CHILDREN 
DURING SLEEP 


By M. Apeuia Boynton and Fiorence L. GoopENnovas, 
Institute of Child Welfare, University of Minnesota 

Although the question of bodily posture during sleep has con- 
siderable theoretical importance, it appears to have received al- 
most no attention in the psychological literature. A number of 
studies have been made dealing with the amount of sleep taken at 
various ages,' the effect of deprivation of sleep, the intensity of the 
stimuli necessary to awaken a sleeper under various conditions, 
and the frequency of postural changes during sleep,” but thus far, 
no one appears to have attempted to ascertain whether or not the 
frequency of postural changes during sleep is associated with the 
character of the postures assumed, or whether certain postures 
more than others tend to favor the induction of sleep. 

A possible exception may be cited in the work of Sidis who makes the fol- 


lowing statement. 


““Now I have suspected for some time, that if the condition of limitation of 
voluntary movements is one of the important factors in the induction of sleep 
we should expect that it would not be a matter of indifference on which side we 
rest. We should expect that if the right side is the more active that the limita- 
tions of the bodily movements would be more marked on that side. In carryin 
on my experiments on children and adults when in their sleeping states I ha 
occasion to observe that there was a definite course in the motor reactions in 


the process of falling asleep. There is a method of sleep. Some people go to 
sleep only on their backs and find it difficult to fall asleep otherwise, while 
others who go to sleep on their side and who form the greater majority always 
go to sleep on the same side. There are very few who fall asleep indifferently 
on either side. Moreover, my observations have shown that by far the majority 
of right-handed people go to “—- on the right side, while left-handed = 

y 


go to sleep on their left side. ave further verified this interesting fact 
statistical inquiry among my patients as well as among Harvard students. 
Some of the right-handed people who go to sleep on the right side may after 
some time turn to their left to change position, while others keep on sleeping 
on the same side throughout the whole night. The majority change position, 
the right-handed to the left and the left-handed to the right. More than 75% 
of right-handed people have given records to the effect that they sleep on the 
right side, or rather fall asleep on that side. Of the left-handed persons I find 
only one out of ten who fall asleep on the right side.’””? 

This statement is highly interesting, and if true might have considerable 


bearing on theories of sleep. Unfortunately, however, Sidis presents no figures, 


*Accepted for publication July 19, 1929. 

1J. C. Foster, F. L. Goodenough, and J. E. Anderson, The sleep of young 
children. Ped. Sem. 35, 1928, 201-218. 

*H. M. Johnson, Sleep, Psychol. Bull., 23, 1926, 482-503. 

‘Boris Sidis, An experimental study of sleep, J. Abn. Psychol., 3, 1908, 1 ff. 
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and the method which he appears to have used in collecting his data is of ques- 
tionable validity. In the absence of verification by more objective methods, 
the amount of confidence which can be placed in the findings is small. As will 
be shown later, the results of the present study are not in accordance with 
those reported by Sidis. 

Some theoretical as well as practical significance attaches itself 
to the popular observation that the induction of sleep is facilitated 
by the presence of sensory cues which, through habit, have become 
associated with the act of falling asleep—the kind of clothing 
customarily worn at night, the familiar furnishings of the bedroom, 
etc. People sometimes state that they are “unable to sleep well 
in a strange bed” even though the bed may be quite as comfortable 
as their own. Among these sensory cues, kinaesthetic sensations 
arising from bodily postures presumably play a part. The ques- 
tion then arises whether those individuals who show marked 
uniformity of bodily posture on falling asleep go to sleep more 
quickly on the average than do those whose postural habits are 
more variable, and in whom, therefore, the kinaesthetic sensations 
arising from a particular posture would be less strongly suggestive 
of sleep. 

Object. In the hope of throwing light on these and other prob- 
lems relative to posture during sleep, a number of nursery school 
children were observed during the school nap-hour. 

Method. One of the authors (Boynton) made all the records of this study. 
She used a form sheet, a copy of which follows,‘ that was prepared especially 
for this study. For illustrative purposes, the record is partially filled in. 

It was found that after practice had been gained in making the records, six 
children could be observed at once with reasonable accuracy. The six record 
sheets were arranged in order upon a large blotting pad in such a way that all 
were visible at once. The observer then seated herself before the cots,5 holding 
the pad in her lap, and choosing a position from which all children could be 
seen clearly. During the observational periods no responsibility for the care of 
the children rested upon the observer. 

Records were made as follows. The spaces above the heavy line were filled 
in at the beginning of the hour. As each child went to his cot, the time of lying 
down was recorded. Activities preceding sleep were noted by underlining as 


‘A slight rearrangement of the form has been made here for the sake of 
economizing space. In the record sheets actually used all the descriptions of 
posture were arranged in a single column running down the left-hand side of the 
page, thus allowing space for 18 columns of records. 

5The children sleep in low canvas cots 24 in. wide without sides. Shoes are 
removed before lying down, but other garments are retained. The covering 
consists of a single blanket through which posture can readily be observed. The 
cots are placed with heads against the wall and are separated from each other by 
a space of 12-18 in. 
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they occurred, The moment of going to sleep was judged as accurately as 
possible, using the ordinary criteria of closed eyes, regular breathing, and 
cessation of bodily movements. Waking time was judged in a similar fashion. 
If, as sometimes happened, a child did not waken spontaneously before the time 
of preparation for going home, it became necessary to waken him, in which 
case the time of awakening was recorded in the space labelled ‘awakened at.’ 


SLEEP STUDY NO. 2, INSTITUTE OF CHILD WELFARE, UNIVERSITY OF MINNESOTA 


N Room No POL Room Humidity 


Weather Gah) cloudy, stormy (rain, snow, thunder, wind) outside : 


Awakened time 11 no steep, up ume on 
ACTIVITIES PRECEDING SLEEP: Went to bed Gillingly)) with protest, forced). 
Motor: (quiet, Goméwhat restless )very restless on cot, times) 


Vocal: Gone )}murmuring to self, conversation, soft crying, loud crying). 
Respiratory: (sneezing, coughing, difficult breathing). 

Soporific habits: (sucking hand, sucking clothing, handling genitals). 
Eliminative: off cot for (urination, bowel movement). 


ACTIVITIES DURING SLEEP: ACTIVITIES DURING SLEEP: 


Trunk 

Straight 
On stomach Hip flexed 
On right side Knee flexed 
On left side Left Leg 


Head Straight 


Straight 


Turned right 


Turned left 


Right Arm 
Above head 


Under head 


At side 


Extended 


Flexed 


Left Arm 
Above head 


Under head 


Hip flexed 


Knee flexed 


Vocal and Respiratory 1 


Murmuring 


Whimpering 


Talking 


Crying out 


Diff. breathing 


Snoring 


Sneezing 


Coughing 


Seemed Awake 


At side H Reason unknown or 


Extended “st ! 


Flexed 


The posture of each part of the body at the moment of going to sleep was 
recorded by writing the time of going to sleep in column 1 opposite each ap- 


propriate descriptive phrase. As movements occurred the time of each was 
recorded in the successive columns opposite the phrases describing the posture 
at the cessation of movement, thus giving a continuous account of both the 
time of the movements and their general character. Thus, in the example 
given, the child is recorded as having fallen asleep at 1:10 after having gone 
to his cot at 12:54. His bodily posture on falling asleep was as follows: on his 
back with his head turned to right, right arm at side, left arm extended, both 
legs straight. The first movement occurred at 1:38, after which his posture was 
as follows: on right side, head still turned to right (as indicated by check mark), 
both arms flexed, right leg flexed at both hip and knee, left knee flexed. At 
1:51 the left arm was extended, other parts of the body remaining the same. 
It was not found feasible to attempt a description of the character of the 
movements through which change in posture was effected. Thus, the first 
movement may have involved only the minimum activity necessary to produce 
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the indicated change in posture, or there may have been a momentary tossing 
about of the whole body with subsequent coming to rest in the posture de- 
scribed. When there was no change in posture as a result of movement, the 
time of movement was recorded in the first appropriate space and the remain- 
ing items checked as before. Since only six children were observed on any 
one day, care was taken to vary the order of observation in such a way as to 
avoid bunching the records of the individual children on the same day of the 
week. 

A total of 278 nap-records were obtained from 56 nursery-school children 
ranging in age from 2 yr.o mo., to 4 yr., 11 mo. Instances when a child lay down 
but failed to go to sleep have not been included. The number of records for 
each child varies from 1 to 16. Twenty-five children had at least 5 records 
each. The total sleeping time included was 367 hr. 4 min. The mean length 
of the nap-period was 1 hr. 19 min. 


RESULTS 


(a) General findings. With the limited amount of data 
available, it did not seem worth while to consider minor variations 
of posture separately. Results have therefore been treated chiefly 
with reference to main bodily posture as indicated by the trunk. 
All movements, whether of trunk, head, limbs, or entire body have 
been counted as movements, but the resultant changes in posture 
have been disregarded except as they affected the trunk. A brief 
summary of the posture of head and limbs is, however, presented 
in a later section. 

The data have been examined for effects of age and sex, but as 
no reliable differences were apparent, age- and sex-groups have 
been combined in the final presentation. The mean time required 
to go to sleep was 34.8 min., s.D. 20.7 min. The mean length of 
nap was 1 hr. 19 min., s.D. 24.5 min. The total number of move- 
ments recorded was 875; the mean length of rest-period (interval 
between movements), 25.3 min. As will be shown later, the length 
of the rest-period varies with the duration of sleep.® 

Table I shows the percentage of the total sleeping-time which 
was spent in each of the four main bodily postures, and the per- 
centage of the total number of occasions when the initial bodily 
posture (at the onset of sleep), was as indicated. 


‘This might be thought to be the result of age-differences, but at least two 
studies (cf. E. A. Bott, W. E. Blatz, N. Chant, and H. Bott, Observation and 
training of fundamental habits in young children, Genet. Psychol. Monog., 4, 
1928, 25; and Foster, Goodenough, and Anderson, op. cit., 2) confirm our find- 
ings that such differences are practically non-existent. As age increases the 
frequency at which the nap is omitted increases, but the length of the nap 
when taken shows but little tendency to vary with age. 
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Slightly over 60% of the total sleeping time is spent on the side, 
with the right side being given a small preference over the left. 
The rank-order of the four postures is the same, whether initial 
bodily postures or total sleeping time is considered. This is in 
part a result of the length of the first rest-period, which, as will be 
shown later, is considerably in excess of that of later rest-periods. 


TABLE I 
Bopity Postures DuRING AND AT THE ONSET OF SLEEP 
Posture Left side Right side Back Abdomen 
During sleep 29.1% 31.1% 12.9% 26.9% 
At onset 27.7% 30.6% 16.9% 24.8% 


Since all these children tended to be right-handed, the slight preference for 
the right side might seem to offer some confirmation of Sidis’ theory. Inas- 
much as a number of the cases had recently served as subjects in an investi- 
gation on the development of handedness,’ it was possible to make a more 
intensive study of this factor. For 23 of the 25 children who had 5 or more 
sleep records, scores on Miss Light’s very comprehensive series of tests for 
handedness were also available. For these children, the rank-order correlation 
between strength of preference for the right-hand and percentage of times the 
child went to sleep on the right side was +0.02 +0.140; between right-hand 
preference and percentage of total sleep on the right side the correlation was 
—o.11 +0.13. Apparently the most right-handed children are no more likely 
to sleep on the right side than those who show little preference for the right 
hand. The range of handedness scores for these children was from very marked 
right-hand preference to almost complete ambidexterity but still with slight 
preference for the right hand. There were no left-handed children in the 
group. 

The corresponding figures for the left side, however, tell a somewhat dif- 
ferent story. The correlation between right-hand preference and percentage of 
times the child went to sleep on the left side was +0.338 +0.124; between 
right-handedness and percent of total sleep on the left side +0.530 0.101. 
While both the number of cases and the number of records for each case are too 
small to warrant a final conclusion, these results strongly suggest that the 
slight general preference for the right-side posture is the result of factors other 
than handedness, and that the general tendency is to leave the preferred hand 
free during sleep rather than to assume a posture which would inhibit its 
movements. 


The effect of strength of postural habit-formation upon length 
of time required to go to sleep has been studied from several points 
of view. Asa measure of strength of postural habit, we have used 
the highest percentage of the sleeping time spent in any one 


™argaret Light, Unpublished doctoral dissertation, University of Minne- 
sota. 
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posture, disregarding the nature of the posture. With four 
postures, the possible range of percentages for the most favored 
posture would then be from 25%, if the sleeping time were divided 
equally among the four, to 100% if the entire sleeping time were 
spent in a single posture. The correlation between the mean time 
required to go to sleep and the strength of postural habit ac- 
cording to this criterion was, for the 25 children with 5 or more 
nap-records, +0.44+0.109. This suggests that uniformity of 
kinaesthetic cues does tend to facilitate the induction of sleep 
to some extent. We have also computed the correlation between 
the mean time required to go to sleep and the strength of initial 
postural habit, using as a criterion the highest percentage of times 
that any one posture was assumed at the onset of sleep. In this 
case the correlation was +-0.40+0.113. These correlations are 
based only upon the 25 cases with 5 or more nap-records. 

Apart from the factor of postural habit, it is conceivable that 
certain positions, rather than others, tend to favor the induction of 
sleep. We have therefore computed for the entire group of Ss the 
mean time required to go to sleep according to the posture assumed 
at the onset of sleep. The results are shown in Table II. 


TABLE II 
Mean Noumser oF Minutes REQuIRED TO Go TO SLEEP IN VARIOUS PosTURES 


Left side Right side Back Abdomen 


Mean 35.3 35.8 33-9 34.0 
c 15.9 16.1 16.8 16.2 


No. cases 77 84 48 69 


The data presented in Table II do not show any reliable 
superiority of one posture over another in regard to facilitating the 
onset of sleep. It appears, therefore, that while the formation of 
some kind of postural habit is a factor of some importance in the 
induction of sleep, the particular nature of the habit is of little or 
no significance. 

(b) Posture as related to frequency of movement. Table III shows the mean 
length of rest-period (interval between movements) for each of the four main 
postures. 

TABLE III 
Mean Lenora or Rest Periop 1n Eacu Posture 
Left Side Right Side Back Abdomen 

Mean 27.4 30.7 22.9 22.8 

23.3 23.4 19.5 18.8 

No. cases 244 232 132 267 
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Movements are least frequent when on the right side, slightly more frequent 
when on the left side, and most frequent when on the back or the abdomen. 

(c) Character of postural changes. Changes in the posture of the entire 
body are more frequent than any one kind of partial change in posture. They 
make up 43.2% of the recorded changes. Changes in the posture of one or both 
legs, other parts of the body remaining as before are next in frequency; ac- 
counting for 22.8% of the total. Arm movements alone make up 11.8% of the 
total and head movements alone make up 6.5%. Various combinations of leg, 
arm, and head movements not involving the trunk make up 15.8% of the total. 
Complete postural changes involving the entire body are most frequent when 
on the back, and make up 63.8% of all the changes from this position. Leg move- 
ments alone are less frequent in this than in other postures, accounting for 
only 9.6% of the changes. When on the abdomen, leg movements alone are 
more frequent (27.2% of all changes) and complete postural changes less fre- 
quent (27.2% of all changes) than in other postures. Head movements with- 
out other changes in posture make up 12.8% of the movements when on the 
back, and 12% of those occurring on the abdomen, but only 1% of those 
occurring on either side. Arm movements without other changes in posture 
are, however, most frequent when on the left side (20.1%), only slightly less 
frequent when on the right side (17.3%), but considerably less frequent when 
on the back or abdomen (5.3% and 3.8% respectively). 

(d) Serial changes in the length of rest-period. The mean length of rest- 
period for all cases combined was 25.3 min. In order to see whether variations 
from this mean were distributed evenly over the entire sleeping period, or 
whether there was some constant trend in the frequency of movement as sleep 
eontinued, the mean length of each successive rest-period was computed. The 
results are shown in Table IV. 


TABLE IV 
Mean LenoTu oF SuccessivE Rest-PEeriops 

Rest Mean Numberof Rest Mean Number of 
Period Length cases Period Length cases 
First 42.0 24.3 278 Sixth 19.8 13.4 27 
Second 21.7 16.8 231 Seventh 9.1 5.3 7 
Third 17.4 14.7 168 Eighth 10.8 6.5 4 
Fourth 15.7 12.2 100 Ninth 37.0 15.0 2 
Fifth 14.1 II.1 53 Tenth 8.0 -= I 


It is evident from Table IV that movements tend to become more frequent 
as sleep continues. The falling-off in length of rest-period continues steadily 
up to the time of the fifth movement, after which the number of cases has be- 
come so small that the data are unreliable. Miles has recently shown that the 
mean hourly loss in weight through the insensible perspiration increases with 
the duration of sleep. Our data suggest that this may be a function of in- 
creased activity during the later hours of sleep. 


8W. R. Miles, Duration of sleep and the insensible perspiration, Proceedings 
Soc. Exper. Biology & Med., 26, 1929, 577-580. 
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(e) Diurnal and nocturnal sleep. Mr. C. R. Garvey of the Institute staff is 
making a study of the frequency of bodily movements during night sleep, 
using the recording apparatus developed by Professor H. M. Johnson of the 
Mellon Institute. Ten of the children who had 5 or more nap-records also 
served as Ssin his experiment. For these Ss the rank-order correlation between 
mean length of rest-period during the nap and mean length of rest-period during 
the night was +0.43. This finding needs, however, to be confirmed upon a 
larger number of cases and with more adequate methods of determining move- 
ments during the nap. It is to be regretted that lack of space in the nursery 
school sleeping room has thus far prevented the installment of the Johnson beds. 

The absolute findings from the two studies cannot be compared directly 
because of differences in the manner of recording. Taken at their face value, 
Mr. Garvey’s mechanical records show somewhat more frequent movements 
during the night than were found in this study. Apart from the probability 
that in the observational study occasional minor movements were overlooked, 
the following factors may be expected to have contributed to the discrepancy: 
(1) the shorter length of the day nap, with the longer initial rest-periods making 
up a greater percentage of the total; (2) differences in the method of deciding 
upon time of falling asleep and time of awakening; (3) the fact that children 
are excluded from the nursery school for all conditions of poor health, in- 
cluding colds, thus eliminating occasions of unusual restlessness due to the 
child’s physical condition, and (4) the fact that respiratory activities, such as 
coughing, sneezing, or heavy breathing, have been recorded separately in the 
present study and have not been classified as ‘movements’ unless accom- 
panied by a change in posture. Most of these would be registered as move- 
ments on the mechanical apparatus. 

(f) Additional factors. Tabulation of the reports on activities preceding 
sleep and on vocal and respiratory activities during sleep showed no clear 
relationship between these factors and either frequency of postural change or 
length of sleep. It must be remembered that these children were all in good 
health and free from colds when the records were taken. In 94% of all in- 
stances the children went to bed willingly. Some degree of motor restlessness 
preceding sleep is reported for 65% of the cases, vocal activity (chiefly mur- 
muring to self) for63%. Soporific habits (sucking fingers or clothing, or handling 
genitals) are confined largely to two or three individual children. Outdoor 
weather conditions show no clear relationship to sleep, but there was a small 
curvilinear relationship between room temperature and length of nap, the 
correlation ratios being 0.34 and 0.51. Extremely low and extremely high 
temperatures were alike unfavorable for duration of sleep. Under our sleeping 
conditions, the optimum room-temperature was from 54° to 58°F. 


SUMMARY 


(1) The changes of posture occurring among a group of 56 
children during a total of 278 nap-periods in a nursery school were 
observed and recorded on a prepared form. The number of naps 
observed for each child varied from 1 to 16. 
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(2) The total number of postural changes observed was 875 
which is an average of one change in 25 min. during an average 
nap-period of 79 min. 

(3) These children spent the greatest part of their total 
sleeping time on the right side, The left side was slightly less 
favored, the abdomen ranked next, the back lowest. The rank- 
order of the four postures is the same when initial posture rather 
than total sleeping time is considered. ; 

(4) A comparison of the sleeping postures most favored by 
the individual children with scores on a comprehensive test of 
handedness does not bear out Sidis’ assertion that the most right- 
handed individuals tend to sleep on the right side. No correlation 
was found between degree of dextrality and either percentage of 
total sleeping time spent on the right side or percentage of times 
the child went to sleep on the right side, but a positive correlation 
of 0.530 between dextrality and percentage of total sleep on 
the left side and of 0.338 between dextrality and percentage of 
times that the initial sleeping posture was on the left side was 
found. These correlations suggest that the slight general prefer- 
ence for the right side is the result of factors other than handedness, 
and that individuals in whom hand-preference is more strongly 
developed are slightly more likely than others to sleep on the side 
opposite to the preferred hand. 

(5) Children whose postural habits during sleep are most 
uniform tend to fall asleep somewhat more quickly than those 
whose habits are variable. This suggests that kinaesthetic cues 
are operative to some extent in the induction of sleep. 

(6) Changes in the posture of the entire body are more fre- 
quent than any single kind of partial changes in posture. 

(7) Movements are least frequent during the early stages of 
sleep. 


COMPARATIVE SUGGESTIBILITY IN THE TRANCE 
AND WAKING STATES! 


By Cuarx L. Hutt, Yale University and 
Berry Huss, University of Wisconsin 


The hypnotic trance is generally regarded as a condition of 
heightened suggestibility as compared with the normal waking 
life. The difference between the two states is thus presented as 
essentially a quantitative one. Indeed, it may very well turn 
out that there is no very signficant difference between them 
except in the degree of suggestibility. It accordingly becomes a 
matter of some importance to compare in as exact and objective 
a manner as possible, the relative degree of suggestibility in the 
two conditions. 


Subjects. The Ss employed in the investigations here reported were 8 
students at the University of Wisconsin. A number of others were experi- 
mented on for longer or shorter periods but their results could not be used be- 
cause, for one reason or another, they were unable to complete the experimental 
series. The Ss were put into the trance by the method of optical fixation, the 
fixation-object being the experimenter’s eyes. The Ss had been hypnotized 
repeatedly previous to being used in the present experiment so that all went 
into the trance almost immediately at the command of the experimenter. 

Procedure. The essentials of the method and apparatus by means of which 
the degree of suggestibility was measured in the present investigation, have 
been described in considerable detail elsewhere. The S stands quietly erect, 
blindfolded. The # stands before him and repeats in a quiet, confident tone, 
“You are falling forward, You can’t help yourself, You are falling forward, 
forward, forward,”’ etc. continuously during the suggestion period. Under the 
conditions of the experiment, practically all the hypnotically susceptible Ss 
so experimented on will sway so far forward that they lose their balance both 
in the waking and trance states. The Z ceases his suggestions the instant this 
loss of balance takes place, at the same time arresting the impending fall by 
pressing his hands against the S’s shoulders. 

Quite without his knowledge, a pin with a tiny hook at its end is lightly 
caught into the fabric of the garment over the S’s right shoulder. To this pin 


*Accepted for publication August 31, 1929. 

1From the Psychological Laboratory, University of Wisconsin. This study 
was made possible by a grant from the Social Science Research Council. The 
writers are indebted to Mr. Wilbert S. Ray for assistance in tabulating the data. 

2C. L. Hull, Quantitative methods of investigating waking suggestion, 
J. Abn. Psychol. & Soc. Psychol., 24, 1929, 153-169. This article contains a dia- 
gramatic drawing of the apparatus eauoal 
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is attached a thread which runs back about 4 ft. and, over a simple, easy- 
running system of flanged aluminum pulleys. From this pulley system there 
is suspended by means of a second thread a small steel rod which moves in a 
vertical sleeve and to the lower end of which is attached a light stylus. By 
this system the horizontal postural movements of the S are traced by the stylus 
on the smoked paper of a kymograph as a vertically oscillating line, the oscilla- 
tions in the tracing being reduced to one-third of their actual amplitude. One 
of these tracings, considerably reduced, is reproduced in Fig. 1. 

The basic experimental procedure of the present investigation was to induce 
by suggestion two falls fairly close together in one of the two states and then 
two in the other states, with about 15 min. separating the second fall of the first 
two from the first fall of the second two. In any pair of falls, the second sug- 
gestion was given approximately 114 min. after the fall resulting from the first 
suggestion. Every S served on four different experimental days. On two of 
these days the waking suggestion was given first and on two the trance sug- 
gestion preceded. We shall arbitrarily call the days on which the waking 
suggestion came first A and the days on which the trance suggestion preceded, 
B. The record reproduced in Fig. 1 shows a complete tracing made onan A day. 

In order to minimize any constant errors which might result from the time 
factor, half of the Ss were experimented on in the A,B,B,A order and the other 
half in the B,A,A,B order. The experimental programs for the two groups of 
Ss is shown in detail in Table I. 


TABLE I 
Tue DetaiLep PRoGRAM OF ADMINISTERING SUGGESTION FOR EACH OF THE 
Two Groups or Ss 


Type of Ordinal Nature of State 

Experi- Number 

mental of Ex- First Second Third Fourth 

Day peri- Sugges- Sugges- Sugges- Sugges- 
mental tion tion tion tion 


Waking Waking Trance Trance 
Trance Trance Waking Waking 


Trance Trance Waking Waking 
Waking Waking Trance Trance 


Trance Trance Waking Waking 
Waking Waking Trance Trance 


3 Waking Waking Trance Trance 
4 Trance Trance Waking Waking 


Criteria of degree of suggestibility. Two characteristics of the behavior of 
Ss in most suggestion experiments of this kind may be used as criteria of the 
degree of suggestibility. They are (1) the magnitude of the response and (2) 


Day 
A I 
B 2 
I 
B 3 
A 4 
B I 
A 2 
II 
A 
B 
Wt 
if 


Fig. 1. Typrcan Recorp FROM THE EXPERIMENT TO DETERMINE THE RELA- 
TIVE SUGGESTIBILITY OF NORMAL ADULTS IN THE TRANCE 
AND THE WAKING STATES 


The upper line gives the time in 5-sec. intervals. The middle line shows the 
forward postural movements of the S in response to suggestion. These were 
traced automatically by a special device at one third their actual size. The 
suggestion was continued until the S actually fell forward and needed to be 
steadied by the Z’s hands. The falls are shown in the tracing by the abrupt 
peaks. The lower line is for signals, showing the point at which suggestion 
begins (A) and approximately where it terminated (B). Vertical marks have 
been drawn across the time line at the beginning of the suggestion and at the 
point where the fall took place to facilitate the determination of the length of 
this period, which is taken as the measure of suggestibility. 
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the speed of the response. In general, the Sis regarded the more suggestible 
the greater the amplitude of the response and the shorter the time required to 
evoke it. The presence of two distinct and more or less independently varying 
criteria of suggestibility often presents practical difficulties in scoring experi- 
mental results. Fortunately in the present investigation (with insignificant 
exceptions) the amplitude of the response of all Ss on all occasions was maxi- 
mal, i.e. they swayed on all occasions so far forward that they lost their balance. 
With all Ss yielding a practically identical score as to magnitude, this ampli- 
tude criterion of suggestibility ceases to have any differentiating significance 
as between the two states being compared. This leaves the single criterion of 
time, which greatly simplifies the scoring situation. To this natural advantage 
is added the fact that the sharpness of the falling reaction as recorded by the 
apparatus used, removes practically all ambiguity in the determination of the 
time actually required to evoke the response. 

The method by which the suggestion time is secured from the records may 
be best explained by referring to Fig. 1. The upper line is the time record, 
with a notch marking the lapse of every 5-sec. period. The second line is a 
record of the forward-backward postural movements, the sharp peaks repre- 
senting the ‘fall’ or culmination of the response, after which the suggestion 
is discontinued. The lowest line records by means of notches the exact point 
at which the suggestive stimulation begins and approximately where it ends. 
The former is marked by ‘A’ and the latter by ‘B.’ After the record had 
been shellacked a perpendicular white line was drawn from ‘A’ across the time 
line. A second perpendicular white line was drawn across the time line from 
the point of maximum reaction. The distance between these two lines repre- 
sents the suggestion time. Thus the first suggestion time of the record shown 
in Fig. 1 is 9 sec., the second is 26 sec., the third 12 sec., and so on. The sug- 
gestion times for all Ss are given in detailin Table II. Those of the record 
shown in Fig. 1 appear in the June 4th entry for S No. 6. 


Results. We may now seek in Table II the answer to our 
primary question as to whether Ss in general are more suggestible 
in the hypnotic trance and if so, how much more. The procedure 
of the present experiment makes possible two fairly independent 
comparisons of the suggestion time in the two states. One is 
based on the time of the first waking suggestion as compared with 
that of the first trance suggestion. The other is based on the time 
of the second waking suggestion as compared with the second 
trance suggestion. It is evident, even to casual inspection of the 
concrete results of Table II that, despite occasional exception, 
the trance state shows a decidedly more rapid response to sug- 
gestion than does the waking state. This is shown with great 
distinctness by the arithmetical means of the contrasted columns 
of data. The average suggestion time of the first waking fall 
is 29.75 sec., whereas that of the first trance fall is only 11.97 sec. 
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TABLE II 
SHOWING FOR EVERY S OF EACH EXPERIMENTAL GROUP THE SUGGESTION-TIME 
FOR EVERY TRANCE AND WAKING STATE 


Suggestion-time during 


State . 

Group Date during Waking Trance 
y Sug. 1, 2* 1st 2nd 2nd 
Sug. Sug. . Sug. 


57 


aon AW DW Ww W 


13 
150t 
150t 74 

30 

64 

16 

13 

22 

22 


4 


6-16 (12 M) 
6-16 (3 P.M.) 
6-17 (10 A.M.) 
6-17 (II A.M.) 


5-13 


an 


wo InN an 


ANN NN 
vn Ww WwW 


PN AO WH 
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Sums 951 699 383 
Meansf{ 29.75 21.84 11.97 9.12 


*W = Waking; T = Trance. The state during suggestion 3 and 4 was of 
course the opposite to that indicated for 1 and 2. 

+ Values interpolated; S did not fall on these occasions. 

t[Editorial Note] The m.v. of these means are respectively as follows: 
29.12, 18.30, 9.58, and 7.75. 


4-3 | 33 I! 
I M 5-14 9 II 3 
5-16 8 8 3 
5-25 8 7 5 
5-28 75 8 16 
2 M 5-29 6 6 9 
6-4 4 2 3 
I 6-5 2 I 3 
3-8 5 I I 
3 F 3-15 8 8 8 
4°5 21 29 6 
4-8 7 
46 
4 M 86 
23 
| 6 
5 F 5-22 9 
5-24 13 
5-29 14 
6-3 
6 M 6-4 
6-5 
II 6-6 
3-13 
7 F 3-20 
3-27 
3-13 
8 F 3-20 31 40 II 
3-27 41 13 
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or 40.2% as great. Again, the average suggestion time for the 
second waking fall is 21.84 sec. whereas that for the second 
trance fall is only 9.125 sec., or 41.3% as great. The close agree- 
ment of these two determinations from entirely distinct sets of 
measurements (40.2% and 41.3%) lends color to the view that if 
the experiment should be repeated, substantially similar results 
would be obtained. The ratios definitely confirm the prevailing 
view that the trance is a state of heightened susceptibility to 
suggestion and give a quantitative indication of its degree. 


Corollary results. (a) The cumulative effect. Leaving the problem of our 
primary interest, we pass to the consideration of several others for which the 
experimental results furnish incidental solution. It was early observed that in 
the waking state the second application of suggestion during a given experi- 
mental period, is likely to evoke a distinctly more prompt response than the 
first.2 The question at once arises as to how great this cumulative effect may 
be and whether it differs materially for the trance and waking conditions. The 
data in Table II offer a fairly direct answer to each of the two questions. The 
average suggestion time of 29.75 sec., for the first waking suggestion falls to 
21.84 sec. for the second, the latter being only 73.7% of the former. In the 
case of the trance, the first suggestion time averages 11.97 sec. whereas the 
second one average only 9.125 sec., the latter being 76.2% of the first. The 
close agreement in the ratios obtained from the distinct sets of measurements 
is noteworthy. The indication is that under the conditions of the present 
experiment the suggestion time of the second of two suggested responses is 
reduced by approximately a fourth... There is no evidence that the trance 
differs at all in this respect from the waking condition. 

(b) The perseverative influence. The evidence which has just been presented 
that there is a perseveration of the influence of responding positively to one 
suggestion upon the response to another suggestion in the same state, raises the 
further question of whether there may not also be a preseveration of the in- 
fluence of a preceding trance state and the suggested activity which took place 
during it, upon the waking suggestion administered following it. It is a well- 
known fast that an S goes into a trance much more readily at once after waking 
from a previous one than when the two trances are separated by a longer period. 
The experimental results of the present investigation offer two separate sets of 
measurements bearing on this question. It will be recalled that half of every 
S’s waking suggestions preceded the trance suggestions and half followed. It 
is only necessary to tabulate in separate columns the two sets of waking sug- 
gestions shown in Table II and find their means. This procedure shows that 
the average time for the first waking suggestion when preceding the trance is 
36.94 sec. whereas when following the trance the time averages only 22.5 sec. 
which is only 60.9% as great. When the second waking suggestion precedes 
the trance it averages 27.25 sec. whereas when it follows the trance it falls to 
16.425 sec., which is 60.3 as great. The ratios from the two independent sets of 
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measurements are in excellent agreement (60.9% and 60.3%). The indication 
is that the influence of the trance, possibly augmented by the activity which 
took place during it, persists very strongly into a following (supposedly) 
waking state even after a period of approximately a quarter hour. 

(c) The practice effect. Still another question demands our attention. If 
the influence of responding to one suggestion shows such a profound effect 
upon the response to a closely succeeding suggestion, may we not expect a 
certain amount of persistence over into the next day? May there not, indeed, 
be a kind of practice effect analogous to the ordinary curves of learning? It 
is an extremely easy matter to re-tabulate the data of Table II so as to secure 
averages from which a composite practice curve may be plotted. The mean 
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was found of the 32 suggestion times made up by pooling all four suggestion 
times of the first experiment period of every one of the 8 Ss. This mean was 
found to be 24.03 sec. The mean for the second period was 19.6 sec., that for 
the third period was 15.4 sec. and that for the fourth was 13.7 sec. These re- 
sults are shown graphically in Fig. 2. It is evident that we have here a very 
marked practice effect, the average time for the fourth period being but little 
over half that required for the first period. 


SUMMARY AND CONCLUSIONS 


The results of the present investigation may be summarized 
as follows. 

(t) The type of suggestion employed in the present study 
shows a trance response time approximately 40% that of the 
waking response time. Stating the matter the other way round, 
waking suggestion requires something like 24% times as much 
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time as trance suggestion. This confirms in an objective and 
quantitative manner the somewhat vague and uncertain impres- 
sion obtained from casual observation that the hypnotic trance 
is a state of heightened suggestibility. Whether the above ratio 
will hold for other forms of suggestion can only be determined by 
specific experiment but presumably it will vary more or less 
with the form of behavior suggested as well as with other cir- 
cumstances. 

(2) If a second suggestion is begun within two minutes or so 
after the termination of the reaction to a previous suggestion, 
and in the same state, the suggestion time of the second is reduced 
about one fourth. The waking and the trance states appear not 
to differ at all in this respect. 

Quite apart from the significance of this fact as an established 
relationship, is its possible bearing on the nature of the hypnotic 
trance. Presumably the principle is very general. Having re- 
sponded to one suggestion, the organism is at once in a state 
of heightened susceptibility to further suggestion. According to 
this line of reasoning, the hypnotic trance becomes only a special 
case of the general law. According to the usual procedure for 
inducing the trance, the closure and ultimate catalepsy of the 
eyelids, along with certain related phenomena, are first evoked 
on the basis of waking suggestion. In harmony with the above 
independently established principle, these responses to waking 
suggestion would naturally produce a state of heightened sus- 
ceptibility to further suggestion which is, in fact, such a conspicu- 
ous characteristic of the trance state. In the above experiment 
the response to the waking swaying suggestion reduced the 
suggestion time about 25% and the response to the waking sug- 
gestion to close the eyes, etc., in the process of trance induction 
reduced it about 60%. 

(3) The influence of the trance, possibly combined with the 
additional suggestions given the S while in it, appears to persist 
rather strongly after waking. Waking suggestions given a quarter 
of an hour after waking from a trance require only about 60% 
as much time to evoke maximal reactions as when not preceded by 
a trance. 

(4) Response to suggestion shows a marked practice effect 
from period to period, the mean suggestion time for the eight 
Ss on the fourth period being only a little over half that for the 
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first period. Unfortunately the present experiment was not set 
up primarily to solve this problem and the time intervals between 
the experimental periods vary considerably. As a consequence 
the exact quantitative values must be accepted with some caution 
but of the general tendency to practice effects there can be no 
doubt. It has long been observed as one of the most conspicuous 
characteristics of successive trance inductions that, as a rule, 
every time an S goes into the trance the process becomes more 
rapid. Here again our experimental results furnish objective and 
quantitative confirmation of casual observations. 
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ANOMALIES OF VISUAL ACUITY IN RELATION TO INTENSITY OF 
ILLUMINATION 


By Etuis Freeman, University of Louisville 


In papers recently published I gave an account of several inexplicable 
phenomena connected with the determination of visual acuity.1 The aim was 
to present these from the point of view of psychology. Only a descriptive 
treatment was advisable, however, because the phenomena were so stubbornly 
anomalous that they resisted all efforts at explanation and reconciliation with 
the classical point of view. In this article I propose to examine these pheno- 
mena, together with some newer experimental data, in relation to the alleged 
physiological processes involved. Specifically my purpose is to determine the 
bearing of these data upon the conclusions of Hecht regarding the relationship 
between visual acuity and intensity of illumination.* 

In Hecht’s account, the intensity of illumination determines acuity by 
setting in operation a different number of retinal elements for each intensity 
within a unit of retinal area. He assumes sensitivity to vary among the in- 
dividual receptors in accordance with the statistical distribution curve, just as 
any individual trait varies within an unselected homogeneous population. 
This means, then, that within any unit of retinal area (consisting of 540 elements) 
a small number will have a low threshold, a greater number a medium, and a 
small number again a high. With a retinal image of low intensity only the 
receptors with a low threshold will be capable of reacting. As the intensity 
rises, and the higher thresholds are reached, progressively more receptors will 
become operative. The increase in the number of functioning elements cor- 
responds to the increase in visual acuity which is experienced with a rise in the 
intensity of illumination of the stimulus. When the light intensity has been so 
far increased that the thresholds of all receptors have been passed, and all the 
elements are therefore in operation, maximum acuity has been attained. Further 
increases in the intensity of the stimulus will not produce a heightening of 
acuity. Acuity varies, then, only with the number of receptors in operation, 
which is to say, with the intensity of illumination so long as the maximum has 
not been exceeded. This statement is, therefore, unequivocal with regard to 
two propositions: (1) that acuity varies only with the number of receptors function- 
ing within unit retinal area; and (2) that this number varies only with the intensity 
of the retinal image. The two propositions are not independent; rather each is a 
necessary consequence of the other. 

My experimental approach to Hecht’s propositions is based upon the 
following considerations. If intensity and area of retinal image be kept con- 


*Accepted for publication November 14, 1929. 

‘Ellis Freeman, What does a test of visual acuity measure? Arch. Ophth., 
2, 1929, 48-46. Anomalies of peripheral visual acuity, J. Exper. Psychol., 12, 

*Selig Hecht, The relation between visual acuity and illumination, J. Gen. 
Physiol., 11, 1928, 255-281. 
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stant, no matter by what means, for a series of observations, then for each 
observation the number of functioning receptors ought to be identical, and, asa 
result, the acuity ought in all cases to remain constant. The data which follows 
here are derived from experiments in which precisely constant intensity and area 
of retinal image have been secured from variable external conditions of stimula- 
tion. The resulting acuities, if Hecht’s propositions are correct, should all have 
been equal. They were, however, found to be widely divergent. But before 
the significance of these facts can appear, the experiments themselves must be 
examined.® 

Visual acuity was tested by the translation method. If, monocularly and 
with appropriate eye-fixation, the observer be shown a row of letters, each of 
size a, by instantaneous exposition, on any retinal meridian, with the eye at 
distance b from the point of fixation, the letters may be recognized (resolved) 
as far out into the periphery as the distance c. If, now, under the same condi- 
tions, except that the letters have been increased to 10 a, and the distance of 
the eye from the fixation-point to 10 b, a similar instantaneous exposition be 
made, the observer will be unable to recognize the letters as far out into the 
periphery as 10 c. Contrary to the requirements of geometrical optics, he will 
be able to read only as far out as 5cor6c. Despite the fact that the physical 
conditions were designed to give, and as far as is known did give, identical 
retinal stimulation for both expositions (e.g. identical time of exposition and in- 
tensity of illumination, and the same visual angle for the individual letters), a 
contraction of the field of vision occurred in the case of the larger constellation. 
Only when the letters of the large constellation were further enlarged, dis- 
proportionately to the distance from the eye, could the peripheral recognition 
be extended to toc. But with such an enlargement of the letters there arises an 
inconsistency with the principles of geometrical optics, for then a greater 
retinal area is being stimulated in order to elicit the same degree of clearness or 
acuity as before in the case of the small constellation. In terms of acuity, this 
means that a reduction has occurred without a concomitant reduction of in- 
tensity of illumination.‘ 

Peripheral acuity was again tested under continuous illumination. At right 
angles to the line of regard a white cardboard, travelling in a vertical slide and 
bearing two black squares separated by a white interval equal in width to the 
side of a square, was shifted up and away from the fixation-point until the 
observer just ceased to resolve the squares as two. The dimensions of the 
stimulus and the distance of the eye from the fixation-point were then increased 
ten-fold. Again in this experiment, resolution of the large constellation occurred 
at a lesser point of eccentricity than that of the small constellation. The peri- 
pheral limit of the large was, for example, 6 c from the fixation-point instead of 
1oc. If the large squares were increased sufficiently, disproportionately to the 
distance, or the distance were decreased sufficiently, disproportionately to the 
size of the squares, the resolution could be extended eccentrically to a point 10 c. 


3A more detailed description of the experiments themselves and of their 
background is to be found in the articles mentioned under the first footnote. 

‘Hermann Aubert, Physiologie der Neizhaut, 1865, 235-253; E. R. Jaensch, 
Zur Analyse der Gesichtswahrnehmungen, Zsch. f. Psychol., Erg.-Bd., 4, 1909, 
1-26. 
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But here, as in the observations with the letters, a greater retinal area would be 
stimulated than in the case of the small constellation. This would mean again a 
reduction in acuity without a concomitant reduction in the intensity of illumi- 
nation. Curve 1 (Fig. 1) represents in principle this decrease in acuity which 
unaccountably accompanies each increase in the distance of fixation. Clear- 
ly this is contrary to the inferences of geometrical optics. This anomalous 
decrease of acuity with the larger constellations has been given the name of its 
discoverers, and is called the Aubert-Foerster phenomenon. 


AcUITY 


Curve 2 (splitting method) 


aa 1 (translation method) 
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Fig. 1. RELATION BETWEEN ACUITY AND FrxaTIon DISTANCE BY THE 
METHODS OF TRANSLATION AND OF SPLITTING 


EXPERIMENTAL PROCEDURE 


(1) Acuity by the translation method of testing. To determine the data for 
Curve 1 (Fig. 1), I repeated the preceding experiment by employing black 
squares, similar to those of Aubert and Jaensch, in substantially the same 
apparatus under constant intensity of illumination with continuous exposition. 
The distance of the eye from the fixation-point was 30, 60, 120, 180, 240, 300, 
360, 420, 480, 540, and 600 cm. in turn. Sometimes the observations began at 
one end, sometimes at the other, in order to eliminate the effects of practice 
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and of fatigue. Corresponding to these distances, the dimensions of the black 
squares were I, 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20cm., respectively. Obviously 
each square taken with its appropriate fixation-distance must have produced 
a retinal image of the same area as that of any other square with its appro- 
priate fixation-distance. As the illumination of the campimetric exposition 
surface was constant, all the retinal conditions (except those conceivably due 
to differences in accommodation and pupillary width, which will later in this 
paper be demonstrated as indifferent) were in every case the same. Observa- 
tions were made on the upper half of the vertical meridian of the field of vision 
(lower half of the vertical meridian of the retina) of the left eye. Table I, 
column 2 shows the vertical distance of the limit of resolution for each fixation 
distance. 


TABLE I 


SHOWING IN CM. THE DISTANCE OF THE EYE FROM THE FIxaTION-POINT, THE 
Actua VERTICAL DISTANCES OF THE STIMULI AT THE Limit OF RESOLUTION, 
THE THEORETICAL VERTICAL DISTANCES OF THE STIMULI AT THE LIMIT OF 
RESOLUTION, AND THE EMPIRICALLY DETERMINED D1- 
MENSIONS OF THE STIMULI 
(Actual dimensions are the averages of 4 determinations, the mean 
variations being negligible) 
Distance Actual Theoretical Empirical 
from vertical vertical dimensions 
fixation distance distance of stimuli 
30 10 10 
60 15 20 
120 24 40 
180 36 60 
240 44 80 
300 55 100 
360 68 120 
420 74 
480 78 
540 80 
600 81 200 


The data of columns 2 and 3 merely confirm the results of Aubert and of 
Jaensch. For our purpose a further step was necessary, for which the values 
of column 4 were computed. This further step was the introduction of a sig- 
nificant variation, which constitutes a critical test of Hecht’s propositions. 
Applying the formula 7'/A (in which 7 equals the ‘theoretical vertical dis- 
tance,’ and A the ‘actual vertical distance’), I calculated the factor represent- 
ing the number of times each of the squares would have to be increased linearly 
in order to be resolvable at the corresponding theoretical vertical distance. 
Obviously the reciprocal of this factor represents the acuity for each constella- 
tion. If each of the squares be now enlarged, as they were enlarged, in ac- 
cordance with this empirical factor, and resolution should occur at the theoreti- 
cal vertical distances given in Table I, column 3, then this calculated acuity 
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will also represent the actual acuity. In accordance with these calculations, 
stimuli squares were prepared with the dimensions given in Table I, column 4, 
and presented at the corresponding fixation-distances. Other conditions re- 
mained exactly as before. 

With these stimuli of a size empirically determined, the resolutions now 
occurred at the theoretical points of eccentricity (based upon geometrical 
optics) given in column 3 of Table I. These facts mean, then, that for an 
apparently unaccountable reason, the ultimate retinal image on a given spot 
of the periphery must be progressively increased in order to elicit the same 
degree of acuity, when supposedly irrelevant changes are made in the external 
conditions. This supposedly irrelevant external condition is an increase in the 
size of the constellation, e.g. increase of fixation-distance and proportional 
increase of stimulus. Such a reduction in acuity is contrary to geometrical 
optics. It leads also, since intensity of illumination had remained constant, to 
the conclusion that the variations in acuity are here independent of the in- 
tensity of illumination. This is contrary to Hecht’s propositions. This pro- 
gressive decrease in acuity, representing a progressive increase in the retinal 
image, as the fixation-distance increases, is represented by Curve 1 of Fig. 1. 
A comparison of the readings on any two points selected on the curve will 
make its significance clear. Since acuity at 30 cm. fixation-distance is the 
standard, it may be represented as 1/1 (in ophthalmologic terms, 6/6). But, 
by contrast, at 600 cm. fixation-distance, acuity has dwindled to 4/10 (6/15). 
Obviously a 250% reduction in acuity cannot be properly attributed to faults 
in experimental technique. 

A similar but less marked condition was discovered by both Jaensch® and 
Jacobsson‘ in testing foveal acuity with figures and letters of different sizes 
at proportional distances from the eye. The large, compared to the small 
constellations, always elicited a lower degree of acuity. They had to be brought 
closer to the eye than their size warranted, and so produced a larger retinal 
image, before resolution could occur. The conditions so far described are 
tantamount to a declaration that visual acuity is not a constant factor for 
a given individual, nor is it necessarily constant when all the retinal conditions 
remain unchanged. If the acuity of the observer for the preceding tables be 
taken as standard at 30 cm. fixation-distance, and called 6/6, then at 480, for 
example, it will be 6/12, and at 600, 6/15, etc. The essential fact is that this 
marked and progressive decrease in acuity will have occurred without a con- 
comitant reduction in the intensity of illumination. 

(2) Acuity by the splitting method of testing. It is possible to test the visual 
acuity of the periphery by still another method than the preceding one. The 
observer fixates a point at eye-level on a campimeter, where, contrary to the 
arrangement in the translation method, the double stimulus objects (black 
squares or lines) which are to be resolved are not moved together, but are pre- 
sented at a fixed angle of eccentricity. The data which follow here refer to a 
point at 5° of eccentricity, in the upper half of the vertical meridian of the field 


5 Jaensch, op. cit. 

®Malte Jacobsson, Uber die Erkennbarkeit optischer Figuren bei gleichem 
Netzhautbild und verscheidener scheinbarer Grésse, Zsch. f. Psychol., 77, 
1916, I-9I. 
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of vision (lower half of the vertical meridian of the retina) of the left eye. Data 
of a similar character may be secured at different angles and on different 
meridians. One of the two stimulus objects remains stationary on the campi- 
meter surface, while the other, at first contiguous with it, is slowly and regularly 
shifted away on the campimeter surface until the white interval has increased 
sufficiently to permit the two objects to be seen as separate (to be resolved). 
By this method the acuity is inversely proportional to the width of the required 
white intervals.’ 

The same fixation-distances as in the preceding experiment were employed 
here, 30-600 cm., with stimuli proportionately enlarged and running from 1-20 
em. The retinal images of the black stimulus objects were therefore identical 
in area throughout the series; and as the illumination of the campimeter re- 
mained unchanged, the intensity of the retinal images also remained identical 
throughout the series. 


TABLE II 
SHOWING THE DISTANCE OF THE EYE FROM THE FIxaTION-PoINnt, THE ACTUAL 
Winth or THE Waite InteRvAL NECESSARY FOR RESOLUTION, AND THE 
THEORETICAL WIDTH OF THE SAME 
(Values in column 2 are each the average of 4 observations, the mean 
variation being negligible) 
Fixation distance Actual width Theoretical width 
(in cm.) (in mm.) (in mm.) 
I. 
3. 
2. 
10. 
14. 
18. 
25. 
28. 
$8. 
36. 
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1.8 
2.3 
2.9 
3.2 
3-4 
3.6 
4-4 
5.0 
5.6 
5-9 
6.0 


From this data Curve 2 of Fig. 1 can be plotted to represent the progressive 
increase in acuity for the same retinal area, with illumination constant, as the 
fixation distance increases. It is merely necessary to apply the formula Ty/Aw 
(in which 7, equals the theoretical width of the white interval,and Ay equals 
the actual width) in order to plot the acuity values. 

Curve 2 of Fig. 1 shows that by this different method of testing, a new 
phenomenon, opposite to that of Aubert-Foerster, is introduced. As fixation- 
distance now increases, the retinal image necessary for resolution correspond- 
ingly decreases. Contrary to the results which represent the Aubert-Foerster 
phenomenon, acuity by the splitting method increases with distance of fixation 
(although not in direct proportion, as Curve 2 shows). This is tantamount to a 


_ ‘Full details concerning the method are given in the second article mentioned 
in the first footnote. 
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declaration that again acuity is not constant for a given observer, nor is it 
necessarily constant when all retinal conditions remain unchanged. The curve 
shows, for instance, that at 30 cm. fixation-distance, acuity is 6/6; at 480, 
6/1.2; and at 600, 6/1. The essential fact is that this enormously marked and 
progressive increase in acuity will have occurred without a concomitant in- 
crease in the intensity of illumination. 


Sources or EXPERIMENTAL ERROR 

(a) Influence of accommodation changes in crystalline lens on acuity. Jaensch® 
has satisfactorily shown by means of adequate experimental devices that 
Heinrich’s® explanation of the Aubert-Foerster phenomenon as an artifact and 
a consequence of the physiological limitations of the crystalline lens is incorrect. 
But even if Jaensch had not demonstrated this fact, the internal evidence of 
the two sets of acuities in the two curves of Fig. 1 would show it immediately. 
A comparison of the acuity values secured by the two methods would prove 
that changes in accommodation cannot be the cause of these anomalies. A 
simple consideration is significant. At 600 cm. Curve 1 shows acuity to be 
6/15, by the translation method. At the same distance, Curve 2 shows acuity 
to be 6/1, by the splitting method. Between the two thereisa 1500% difference 
in acuity. But since for both the fixation-distance was the same, 600 cm., the 
accommodation must necessarily have been the same and so could not have 
caused that which demands a change in accommodation. Furthermore, for 
Curve 1, acuity increases with accommodation (that is, with a decrease in 
fixation-distance); for Curve 2, acuity decreases with accommodation (that is, 
with a decrease in fixation-distance). To argue that accommodation was the 
determinant would be a contradiction, for how could it increase as well as 
decrease acuity? 

(b) Influence of width of pupil on acuity. Pupillary width varies with 
accommodation and with intensity of illumination. Since intensity of illumi- 
nation was constant within each series and for the two methods as well, the 
width of the pupil must of necessity have remained constant, at least as far as 
the factor of illumination was concerned. What remains is the possibility that 
the variations in pupillary width that accompany changes in accommodation 
might have caused the anomalies. But here again the same simple considera- 
tion as that upon which the preceding paragraph is based will show that this 
cannot have been the case. For in Curve 1 a decrease in acuity accompanies 
an increase in pupillary width, while in Curve 2 an increase in acuity accom- 
panies the same increase in pupillary width. This presents an irreconcilable 
contradiction to those who might hold the pupil responsible, for how could a 
pupil of given size once cause high acuity and another time low? 

(c) Influence of air layer on acuity. The influence of an air layer 600 cm. 
thick is probably negligible. But the same simple consideration of the dis- 
crepancy between the two methods demonstrates that the air layer can have 
had no bearing on the results here presented. In one case a thick air layer ac- 
companied a low acuity, and in another a high. 


8 Jaensch, op. cit., 19-26. F 
*Wilhelm Heinrich, Die Aufmerksamkeit und die Funktion der Sinnesor- 
gane, Zsch. f. Psychol., 9, 1896, 342-388; 11, 1896, 410-431. 
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CoNncLUSsIONS 

Hecht has made two fundamental propositions, first that acuity varies only 
with the number of receptors functioning within unit retinal area; and secondly, 
that this number of functional receptors varies only with the intensity of il- 
lumination on the unit area. It therefore follows that acuity depends directly 
upon intensity of illumination, so long as this remains less than maximum. 
An experimental verification should therefore show that if intensity of il- 
lumination and area of retinal image be kept constant, by no matter what ex- 
ternal means, acuity will remain constant also. Experiment contradicts this 
not only with one but with two sets of data, each of which is independently suf- 
ficient for the denial of Hecht’s propositions. The Aubert-Foerster phenome- 
non and that of opposite character give variable acuity values for identical 
conditions of retinal image and illumination. Thus, by varying a single factor, 
the size of the constellation, I have produced differences in acuity, which, if 
Hecht’s propositions were valid, could have been produced only by variations 
in the intensity of illumination. 

The experimental evidence is coercive, and the two propositions of Hecht 
must therefore be denied. Acuity does indeed vary with intensity of illumina- 
tion, but only when the fixation-distance is constant. But as acuity varies with 
fixation-distance in such a radical manner, intensity of illumination and the 
resulting number of receptors rendered operative cannot be the fundamental 
determinants. Certainly they cannot be the sole determinants as Hecht sug- 
gests. The fundamental determinant of acuity must be an at present obscure 
complex factor, in which intensity can be no more than one of several com- 
ponents. 


THE RELATIONSHIP BETWEEN MUSCLE TENSION AND 
MUSCLE THICKENING! 


By Raymonp and Rotanp C. Travis, Yale University 


There are two main reasons for recording the muscular action of intact 
humans from muscle thickening rather than from movements of limbs. Such 
records avoid the delay incident to the inertia of the limb and the distortion 
incident to its momentum. For example, records of the knee jerk taken from 
the moving leg utilize a recording lever whose weight distorts the curve of 
muscle contraction, delays its onset, smooths out its finer variations and slows 
down its main deflections. Such a recording lever is an obvious absurdity in 
any technique that aims at exactitude. A second reason for recording indirectly 
instead of by limb movements is that the latter give imperfect information of 
the interaction of antagonistic muscle groups. Since it is impracticable to 
extirpate human muscles for experimental purposes, the systematic study of 
voluntary human behavior requires some such indicator as muscle thickening 
to record the action patterns of the several muscles involved. 

There are, however, several difficulties in this procedure. Notwithstanding 
the probability of high correlation between muscle thickening and muscle 
pull the exact relationship and its limitations and sources of error have not been 
empirically determined. Movement of the limb has a mechanical effect on 
muscle thickening, so that the technique of recording from muscle thickening 
commonly requires a rigid stabilization of the supporting limb and the mobile 
member against which pull is exerted. Moreover, all highly magnified records 
of muscle thickening are superimposed on a variety of muscle changes including 
pulse, respiration, and tonus. Finally, the muscle thickening corresponding 
with any given pull probably varies from individual to individual and from 
muscle to muscle. 

The present report represents experiments on a single muscle group of a 
single subject. Thickening of the quadriceps group was photographically re- 
corded in the following manner. The leg and thigh were stabilized as far as 
practicable with the exceptions to be noted. A horizontal light wooden lever 
resting on the muscle carried on its axis a small convex mirror of suitable 
curvature. At a distance of 15 cm. from the axis an off-set approximately 5 
mm. in diam. was pressed into the mid-quadriceps by a constant force. The 
recording camera stood 60 cm. from the axis giving an optical magnification of 
muscle thickening of (60 + 15) X 2. This was approximately the limit of magnifi- 
cation imposed by the width of our sensitive paper. All measurements were 
taken from the right thigh and right leg of a sitting subject, with the leg flexed 


*Accepted for publication November 9, 1929. 

1From the Psychological Laboratory, Institute of Human Relations. 

*Raymond Dodge, A systematic exploration of normal knee jerk, its 
technique, the form of the muscle contraction, its amplitude, its latent time 
and its theory, Zsch. f. allg. Physiol., 12, 1910, 1-58. 
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at approximately 90° to the thigh. The shoe on the right foot rested against a 
stop on a platform which was rigidly attached to the bottom of a pendulum 
whose axis was in line with the axis of the leg at the knee. An electric circuit 
including a Becker marker was broken at the least movement of the pendulum 
by means of a contact at the back of the platform. The pendulum was held 
against the contact stop by the pull of various known weights. As the muscular 
tension was increased from relaxation, the thickness gradually increased until 
at some point the muscle tension just overbalanced the weight. The quantita- 
tive relationship was given by the thickness of the muscle at this point which 
was indicated by the movement of the Becker marker. In reading the records, 
movement of the marker was projected across the record of thickening and the 
latter was read at that point. The part of the excursion antecedent to move- 
ment of the leg was regarded as the magnified muscle thickness corresponding 
to the muscle tension which was just sufficient to lift the weights. 

2Kg AKg 
Slow nf 27 
Very Slow 4 25 
Contact 
Rapid 
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Fig. 1. SHow1na RELATIONSHIP BETWEEN QUADRICEPS THICK- 
ENING AND THE Force oF QuaDRICEPS CONTRACTION 


Our exploratory measurement included three kinds of behavior as follows: 
(1) slow contraction and relaxation just sufficient to break and make the pen- 
dulum contact; (2) the knee jerk evoked by a pendulum of known weight and 
velocity striking the patellar tendon; and (3) quick voluntary contraction. 

Thickening data corresponding to all three of these situations are plotted 
in Fig. 1. The abscissa represents the average significant excursion of the re- 
cording line in mm. The ordinate represents the several weights and in our 
experiments the force of muscle tension just sufficient to lift them. The data 
from which the graphs of Fig. 1 were drawn show that within the limits of our 
exploration there was a rectilinear relationship between quadriceps thickening 
and the force of quadriceps contraction as measured by the capacity of the leg 
to lift weights against gravity when the cocontraction of antagonistic muscle 
was minimal. While extension of the line does not pass exactly through zero 
the error is not large. This error may and probably does include the friction 
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and inertia of the moving system and slight cocontraction of antagonistic 
muscles. The difference between the curves of slow and those of rapid con- 
traction is quite marked. Some difference was expected on the basis of the re- 
cords of Dodge and Bott,? which showed regular cocontraction of antagonistic 
muscles at the beginning of all rapid voluntary extensions of the leg. The 
discrepancy between slow and rapid contraction probably approximated the 
effect of antagonistic contraction in rapid extension. The slight but consistent 
difference between the slope of the curves of slow contraction and the knee jerk 
may possibly also be understood, in part at least, on the same basis. All avail- 
able records show that there is a delay in the contraction of antagonistic muscle 
in the knee jerk which practically frees the beginning of the knee jerk from 
antagonistic cocontraction. 

On the basis of this exploration of the relationship between muscle thicken- 
ing and the muscle strain we suggest the following generalization. In a stabilized 
limb isometric quadriceps thickening increases in direct proportion to muscle 
work from zero to strains near the upper limit of the strength of the muscle. 

The possibility of using muscle thickening as a quantitative indicator of 
muscle strain, irrespective of the muscle studied, depends on the approximately 
rectilinear relationship between the two under most favorable conditions from 
almost maximum contraction to zero. For purposes of quantitative estimate 
of strain with a small probable error, it should suffice to determine two points 
on the line as accurately as practicable for each muscle and experimental setting 
and read the approximate muscle tension from interpolated thickening values. 


3Raymond Dodge and E. A. Bott, Antagonistic muscle action in voluntary 
flexion and extension, Psychol. Rev., 34, 1927, 241-272. 
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APPARATUS 
AN IMPROVEMENT IN THE CONSTRUCTION OF ELECTRODES 
By Atvuu R. Laver, Ohio State University 


The author recently described an electrode for the galvanic skin reflex.1 
A demand from other laboratories brought up the question of reproducing the 
original device. Instrument makers were disturbed over the size of glass fun- 
nels available and the inconvenience of cutting and grinding the stock. It 
was also found that the quality and size of bakelite required is not always 
available, and delays from special orders occur. Further, it is often desirable 
to have several pairs of electrodes on hand for different experimental purposes 
and to have them of different sizes for varying the area covered, region of ap- 
plication, etc. The size especially was difficult to change with the type pre- 
viously used. Another inconvenience of the first model was the necessity of 
inserting the electrolytic compound before attaching the apparatus to the S. 

For the above reasons a study was made of possible alternative materials 
which would facilitate construction of an improved model.? Glass requires an 
expensive steel die for moulding, and small quantity production would render 
the fabrication impractical. Pure bakelite is hard to procure in the proper 
sizes. Consequently porcelain was investigated and found to possess none of 
the difficulties met in other materials. It is, moreover, cheap, and thoroughly 
reliable; and it can be molded into any form or size, and produced in any 
ceramics laboratory. 

Accordingly the following electrode was designed by the author and con- 
structed by ceramic engineers.* The cup (5) is made of an electrical porcelain 
body such as used for high-tension insulation. A blank composed of 32% 
felspar, 30% ball clay, 22% China clay, and 16% flint was turned to the size 
and shape desired. The necessary holes (1) and (9) were also made in the wet 
clay. A coating of a typical electrical porcelain glaze was then applied. The 
material is absolutely vitreous, and when fired to Cone 12, 1370°, it comes out 
with a brown glaze. When heavily constructed as shown in Fig. 1, there is no 
danger of warping during the firing process. The lip (11) projects down, to 
fit into the hand or other area of application. A 4-mm. hole (1) through the 
top allows the insertion of a machine screw (3) to which are attached the 


1A. R. Lauer, A new type of electrode for the galvanic skin reflex, J. Exper. 
Psychol., 11, 1928, 248-251. 

*The opportunity for developing the apparatus described in this paper was 
made possible by a National Research Council Fellowship which the writer 
holds under the direction of Dr. A. P. Weiss at The Ohio State University. 
It represents a phase of the analysis of integrated responses in which refined 
techniques for determining the relationship of implicit and explicit reactions 
are being studied. 

’Through the courtesy of Professor Arthur S. Watts, head of the Depart- 
ment of Ceramic Engineering at the Ohio State University. 
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electrodes proper (12) and (13). Instead of attaching lugs to the side for 
straps, a groove (7) is turned in the wet clay. The strap (15) is split sufficiently 
to allow the smaller part of the electrode (6) to slip through and into the 
groove (7). A leather strap will stretch enough to allow its being attached 
more or less permanently. When webbing is used, it may need to be reénforced 
at the cut ends by sewing slightly at (16) to avoid tearing and becoming de- 


Fig.1. Fig. 3. 
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Fics. 1-3. SHow1na CoNSTRUCTION OF THE PoRCELAIN ELECTRODE 


tached. In order to insert the contact medium after fastening to the S the 
hole (9) is made to fit a No. o cork or rubber stopper (8). The aperture is 
8 mm. at the external end and tapered to 5 mm. at the internal end. The 
other dimensions given above in Fig. 1 are almost identical with those of the 
previously described electrode except that the lip (11) is extended 8 mm. rather 
than 5 mm, the distance which the glass cup projected out of the bakelite. 
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(Throughout the units are millimeters.) This prevents leakage from restricted 
contact. By using a large pipette the amount of liquid inserted can easily 
be standardized. The size is variable, and the cross-section of the cup can be 
made smaller or larger as desired. The projection of the lip (11) should not 
be much less than 8 mm. and the main body of the electrode (5) very little 
smaller than shown in Figs. 1, 2, and 3 for best results. It may be made as 
large as the location of application will permit. A large amount of material 
was used in the main body of the electrode to make it especially durable. 

Other parts not named in the description are: nuts (17) and (18) for holding 
screw (3) and connection in place. Rubber washers (2) and (4) are placed at 
each end to seal the screw (3) in the hole (1). The shoulder at (19) stabilizes 
the position of the electrode. Fig. 3 shows how the strap is split and slipped 
over the enlargement (6). In this way it is thoroughly insulated from the 
brass connection at (3), and no possible leak across a damp strap can occur. 
The function of the slip buckle (14) is to make sensitive adjustment. A rubber 
sponge under the strap makes the apparatus much more comfortable. 

It is alleged that polarization is a factor in the galvanic reflex.‘ Whether 
the magnitude is sufficient to be of consequence is an open question. Spinney 
maintains that increasing the size of the positive electrode will delay polariza- 
tion.’ To compensate for this effect one of the electrodes (12) is made with a 
platinum No. 30 wire 2 cm. long, while the other (13) is made of a thin plati- 
num plate 1 cm. square attached to a similar wire 1.5 cm. in length. By con- 
necting the source of current (when using the Féré method with a galvanic cur- 
rent) such that the plate is the positive electrode the effect should be consider- 
ably delayed. The time and amount of delay has not been determined. 

This electrode has all the advantages of the earlier model, and many of the 
disadvantages have been eliminated.® 


THe MEASUREMENT OF THE LATENT TIME OF ExLEcTRIc Licat BuLBs* 


By W. N. Ke ttoae, Indiana University and 
Rotanp C. Davis, University of Virginia 


The chief drawback in the use of the ordinary electric lamp as the stimulus 
in reaction-time experiments, or as the source of light in tachistoscopic and 
Aussage tests is its latent time. The obvious advantages of the electric lamp 
over elaborate shutter or electric-spark arrangements make its use highly de- 


4H. E. O. James and R. H. Thouless, A note on the effect of polarization 
in psychogalvanic experiments, Brit. J. Psychol., 17, 1926, 49-53. 

5L. B. Spinney, T'extbook of Physics, 1927, 359. 
6Since this paper was submitted a need has arisen for changing the electro- 
lyte without Edattine the subject, as in continuous studies during sleep. 

y inserting another hole opposite (9) and making the necessary connections 

with a reservoir and disposal vessel the change can easily be accomplished. 
The flow can be made either continuous or periodic by the proper kind of 
release such as a hose-clamp for constricting the supply tube. 

*The method described in this note was worked out in the psychological 
laboratory of Columbia University. 
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sirable, and yet unless the interval required for the filament to come to full 
incandescence can be conveniently measured and allowed for, an unknown time 
error is introduced which may seriously affect results. 

The method of measuring the latent time of incandescence, outlined in this 
note, was employed successfully to determine the latent time of a small 6-v. 
lamp.' It is extremely simple and takes little time. 

The lamp (Fig. 4) is connected with the source of current (B) through 
switch (S) and a rheostat of 2 or 3 ohms maximum resistance (R’). An am- 
meter (A) and voltmeter (V) are also in the circuit so that latent time can be 
determined if desired for different intensities of illumination—which may be 
controlled through the rheostat (R’). The oscillograph (O) which acts as an 
instantaneous voltmeter is connected in parallel with the lamp through a 
second rheostat (R) of relatively high resistance (500 ohms or more). 

When the switch (S) is closed a small fraction of the current (the amount 
depending upon the relative resistances in the oscillograph and lamp circuits) 
flows through the oscillograph. The maximum possible current for any given 
setting of the rheostat (R’) does not flow through the lamp, however, until 
the filament reaches full incandescence. The change in the conductivity of 
the filament produces corresponding changes in the oscillograph which may 
easily be photographed. By photographing time-units simultaneously the 
latent time of the lamp is directly measurable from the film. 

The only source of error in this method lies in the relative resistances of 
(R) and the lamp. If (R) is kept large with reference to the lamp the presence 
of the oscillograph circuit in parallel with the lamp circuit will not appreciably 
affect the desired current through the lamp. If (R) is not sufficiently large, 
however, the error introduced will be proportional to 

resistance of the lamp 


resistance of (R) 


Dovusie Time-Lines as A DEVICE FOR PRECISE READING OF Time RELATIONS 
IN A PHOTOGRAPHIC RECORD 


By Srantey B. Linptey, Institute of Human Relations, Yale University 


Fig. 5 illustrates the disposition of two sets of time-lines upon a photo- 
graphic record in a manner that permits precise measurement of temporal 
intervals when reading the completed record. The two time-lines, a and b, 
which are located at the top and bottom of the record were produced by two 
beams of light reflected from a pair of small concave mirrors fixed to one prong 
of an electrically maintained tuning fork of 50 d.v. per sec. The two broken 
lines, x and y, beside the tuning fork lines resulted from the action of two beams 
of light reflected from two concave mirrors that were attached to a Becker 
marker. Once each second the marker was actuated by an electrical impulse 
from the laboratory master-clock and as a consequence the time-lines were 
broken. Two sets of such breaks are shown in the figure. Lines / and m are 
stimulus-line and reaction-line respectively and were also produced by the 


1The latent time of the bulb in question was found to be 0.18 + .o1 sec. 
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action of beams of light from concave mirrors. All these lines were recorded 
on a strip of moving bromide photographic paper. Each of the six beams of 
light passed through a narrow slit in the camera before reaching the sensitive 
paper. Owing to the fact that the photographic paper lies a short distance 
behind the camera slit a slight parallax exists when all of the beams of light 
are not reflected from a common plane lying parallel to the slit of the camera. 
In the figure accompanying this note the parallax is negligible. On reading 
the records a line drawn perpendicularly between any two homologous points 
on the time-lines and across the entire paper passes through the points on all 
of the other lines which indicate the position or condition of the mechanical 
recorders at any particular instant. 

A vertical ordinate is conveniently constructed by placing a straight edge 
ruler on the points 1 and 1’ which mark the homologous breaks in lines x and 
y and drawing a line along this edge across the record paper. Then, if the 
record is short and is to be submitted to close study, a set of parallels to this 
vertical ordinate, connecting identical points on lines a and b (the tuning fork 
records), can be drawn. The ordinate connecting the breaks in lines x and y 
serves for orientation and as a base line in constructing the ordinates which 
connect identical points on the duplicate tuning fork records, a and b. 

If the record is long and is only to be scanned, a set of carpenters’ parallels 
or a rolling parallel rule may be used. The reader should adjust these devices 
to the record by first applying one of the straight edges to the points which 
mark breaks in the second-lines, x and y. 

Fig. 5 reproduces a section from a record of manual pursuit of an oscil- 
lating visual object. Insurance Bromide paper, 4 in. in width, was used. 


A Tampour Eviminates Arc DIstorTION 


By Rosert G. Krvecer, Institute of Human Relations, Yale University 

The stylus of the ordinary tambour is frequently unsatisfactory because 
of the sloping arc in the tracing (see Fig. 7,A) which is difficult to measure 
with exactness, especially where the excursion is large. To eliminate the arc 
the following design is proposed. 

Instead of placing the tambour with its stylus tangent to the kymographic 
drum, in the usual manner, the stylus is mounted at a right angle to the tangent 
(Fig. 6). It consists of two sections, A and B, joined together by means of a 
hinge. At the end of section A, a small U-shaped piece of stiff paper (D) is 
attached with cement. The floating glass section (B) is 8 cm. long and $ mm. 
in diameter. One end of section B terminates in an arc of 7 mm. radius; the 
other is bent to form a right angle. The short leg of the angle is inserted in the 
vertical sides of the paper forming a hinge. A drop of cement on the free end 
at (C) holds section B in place. The holes in the paper should be just large 
enough to permit the glass tracer to swing freely when hanging down; if the 
holes are too large there will be a lateral vibratory movement. The glass 
section is allowed to ride against the drum, its own weight being sufficient to 
make the tracing. A typical tracing secured in this way is shown in Fig. 7,B. 
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Tracings A and B are breathing records obtained by connecting two tambours 
to a single pneumograph by means of a glass Y-tube. Tracing A is made with 
the ordinary stylus, tracing B with the instrument described above. For the 
purpose of comparison the two styluses were adjusted so that when at rest one 
was directly above the other. Vertical lines were drawn through the starting 
points of both tracings. The time-line, marking 5-sec. intervals, is at the 
bottom. 

In tracing B, d’ represents the actual distance which the drum has moved 
between the center and the upper end of the excursion. In tracing A, distance 
d represents the actual distance the drum has moved plus the distance due to 
the distortion produced by the are of the stylus. Translated into units, d’ 
represents 2 mm. and d represents 6 mm., a difference of 4 mm. This 4-mm. 
distortion produced by the ordinary stylus is corrected with our jointed type. 


APPARATUS NOTES 


‘TACHISTOSCOPE’ VS. ‘BRADYSCOPE’ * 


The limitations of the tachistoscopic technique in reading-research need 
hardly be emphasized. The earliest perceptual and legibility studies in read- 
ing, since Valentine,’ through Cattell,2 and up to Erdmann and Dodge,? 
Goldscheider and Miiller,‘ Zeitler,5 and Messmer,® were done by the tachis- 
toscopic technique. While important conclusions were drawn from these purely 
atomistic studies in reading, not to say in perception and attention, Dodge 
decried, as early as 1907,’ the indiscriminate use of the tachistoscopic tech- 
nique in general. He pointed out that the tendency to reduce the physical 
exposure time to a minimum is a methodological mistake, that visual perception 
from a threshold exposure is quite a different matter from normal visual per- 
ception, and that the adequate tachistoscopic exposure should permit a full 
and uniformly ‘cleared-up impression.’ This exposure may still be considered 
‘tachistoscopic’ not in the sense of ‘the most rapid excitation’ but in the sense 
of ‘the most rapid vision.’ 

To put ‘the most rapid vision’ in place of ‘the most rapid excitation’ means 
an intentional departure from the fundamental concept of rigid, constant, 


*I am indebted to Professors W. R. Miles and K. M. Dallenbach for 
criticisms. The substance of this paper was read in the Symposium on Labora- 
tory and Teaching Devices at the Ninth International Congress of Psychology, 
Yale University, September 4, 1929. 

1G. Valentine, Lehrbuch d. Physiologie, 1844. 

2J. M. Cattell, Uber die Zeit der Erkennung und Benennung von Schrift- 
zeichen, Bildern, und Farben, Philos. Stud., 2, 1885, 634-650. 

3B. Erdmann und R. Dodge, Psychologische Untersuchungen tiber das Lesen 
auf experimenteller Grundlage, 1898. 

4A. Goldscheider and R. F. Miiller, Zur Physiologie und Pathologie des 
Lesens, Zsch. f. klin. Med., 23, 1893, 131-167. 

5J. Zeitler, Tachistoscopische Versuche iiber das Lesen, Philos. Stud., 16, 
1900, 380-463. 

6. Messmer, Zur Psychologie des Lesens bei Kindern und Erwachsenen, 
Arch. f. d. ges. Psychol., 2, 1903, 190-298. 

7R. Dodge, An experimental study of visual fixation, Psychol. Mon., 8, 1907, 
(no. 35), 32-37- 
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automatic, and involuntary control of the duration of exposure to adopt the 
method of flexible, variable, simultaneous, and voluntary maintenance or 
control by the S himself of the duration of exposure in a tachistoscope.? The 
duration of exposure as reaction-time is taken as a measure of the experimental 
factor, instead of keeping the time factor constant and using the number of 
exposures or the so-called perception-span as a measure. This technique of 
simultaneous voluntary maintenance of exposure adopted in the Quadrant 
Tachistoscope® is perhaps a significant departure from all reaction experi- 
ments in general and from all tachistoscopic perceptual and memorial studies 
in reading and learning in particular. Indeed, the fundamental characteristic 
of the ordinary tachistoscope, i.e. controlled exposure, is radically changed, 
the exposure being maintained by the S as long as he needs it. Of course, a 
tachistoscope adapted from the photographic shutter, as Whipple’s portable, 
has the possibility of obtaining this feature. But nobody, to my knowledge, 
has made it the aim of a special design and technique. 

A related technique is involved in the Dodge Drop-Exposure Apparatus’® 
where the interval between the beginning of the exposure and the beginning 
of the response through a voice key is taken as a measure. Here the departure 
from the usual tachistoscopic controlled exposure is complete, since the exten- 
sion of the exposure is infinite, i.e. the exposed material remains exposed even 
after the response. In other words, it is only the fixation that is initially main- 
tained without the corresponding control of the exposure. The reaction-time is 
mainly visual-verbal. Although the termination of the vocalization may be 
taken as the point of measure, Dodge took only the initial utterance of single 
words as the limiting point. The technique of simultaneous voluntary main- 
tenance of exposure, however, includes more events in the total sensorimotor 
act than his technique does, and above all allows the S to maintain the exposure 
as long as he needs but no longer. 


Dodge used his apparatus to expose single words, to which the S responds 
through a voice-key. So far his technique would closely resemble in funda- 
mentals what I have used. For the purpose, however, of exposing and reading 
whole sentences in the two axes, the Quadrant Tachistoscope would seem to 
have the advantage. Whereas in the Dodge Drop-Exposure Apparatus the 
continuance of exposure after the response may perhaps be a source of error, 
the Quadrant Tachistoscope permits voluntary exposure, maintenance, and 
closure of the shutters, allowing the S to respond as long as he needs but no 
longer. It will be at his own disadvantage if he hesitates to release his finger 
from the key. The response is complex, involving in the single act a suc- 
cession of muscular action on the finger, perceptual reading, vocal utterance, 
and finally muscular relaxation of the finger again. There is the eye-voice span 
and there is also the voice-finger span. This total pattern of response is char- 


8S. K. Chou, Reaction-keys and a new technique for reading-reactions, 
this “a 41, 1929, 469-473. 

*S. K. Chou, ’A quadrant tachistoscope for studying the legibility of Chi- 
nese characters, | Exper. Psychol., 12, 1929, 178-186. 

10R. Dodge and F. G. Benedict, Psychological effects of alcohol, Publ. 
Carnegie Inst. Wash., 232, 1915, 90-108. See also M. A. Tinker, Reading 
reactions for mathematical formulae, J. Exper. Psychol., 9, 1926, 450-454. 
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acteristic of the technique and is measured from the beginning to the end. 
The total reading reaction-time is at the same time perceptual, central, and 
motor, including the complete performance on the reading material as a whole. 
It is the influence of the introduction of any experimental factor into the 
reading material as a whole on this complete performance that is sought. In 
fact, many normal everyday performances such as opening a big dictionary 
closed on a spring stand to look for a word, or unfolding an atlas tightly rolled 
up to locate a city or town, resemble this type of reaction. Indeed, ordinary 
reading of a book is nothing but a perceptual process with simultaneous volun- 
tary maintenance of exposure! 

In my original description of the Quadrant Tachistoscope, I suggested the 
term bradyscope, which was independently coined by me but was first used by 
Esper," for all ‘memory apparatus’ in contrast to tachistoscope. I pointed out 
the fact that both types of apparatus belong to the same class since they are all 
used for exposing perceptual material for experimentation under temporal 
control. In fact, some of the instruments such as Wirth’s” and Ranschburg’s" 
employ the same principle of disk construction; Kuhlmann’s" and Dearborn- 
Langfeld’s® can not be strictly classified with the one or with the other. Al- 
though perhaps the duration of exposure is the main criterion for differentiating 
the one from the other, not infrequently the tachistoscope is maintained for 
over a second, thus overlapping the customary duration of the other apparatus. 
It might be better to extend the connotation of the already well-known term 
‘tachistoscope’ to include the so-called ‘memory apparatus.’ But from the 
insistence of both designers and users on retaining the term ‘memory apparatus’ 
as consistently distinct from ‘tachistoscope,’ it seems obvious that there must 
be some inherent, characteristic differences that justify this separate, inde- 
pendent designation. 

In the first place, the fundamental difference between tachistoscope and 
bradyscope lies chiefly not in the principle of construction or in the relative 
duration of exposure, but mostly in their respective functions. This is clear from 
the history of the two types of apparatus. ‘Bradyscope’ is used mainly if 
not solely for memory, learning, and conceptual experiments, in which the 
mental processes involved are comparatively more complex in general and 
longer in duration and distinctly more integrative in nature. The compound 
term ‘memory apparatus’ (German, Geddchtnisapparate) itself is a functional 
designation. Just as the telescope in astronomy reveals to us the big, the far, 
and the remote, so the bradyscope in psychology helps us to study the slow, 
the gradual, and the integrative. On the other hand, the tachistoscope is de- 
vised particularly for various studies of the short, the liminal, and the differ- 
ential, just as the microscope in biological sciences explores the vast region of 


uk. A. Esper, The bradyscope: an apparatus for automatic presentation 
of visual stimuli at a constant slow rate, J. Exper. Psychol., 9, 1926, 56-59. 

2W. Wirth, Zur Theorie des Bewusstseinsumfanges und — Messung, 
Philos. Stud., 20, 1902, 487-669 (Spiegeltachistoskop, 659-669) 

BR. Schulze, Aus der Werkstatt der capetuanndl len Psychologie und Péda- 


gogtk: 1909, 176-188. 
uP, Kuhlmann, A new memory A aratus, Psychol. Rev., 19, 1912, 74-78. 


%W. Dearborn and H. S. Langfeld, Portable tachistoscope and memory 
apparatus, Psychol. Rev., 23, 1916, 383- 387. 
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the small, the infinitesimal, and the invisible to the naked eye. The tachis- 
toscope is chiefly employed in studies of attention, perception, and appre- 
hension. The term itself is descriptive. 

In the second place, the control of the duration of exposure in the tachis- 
toscope sometimes necessitates artificial illumination through an accessory 
attachment, as in the Dodge Mirror Tachistoscope.* While the integrative 
nature of the mental processes involved in experiments on the bradyscope al- 
ways requires the experimental material to be serially or successively exposed 
by the aid of some feeder which is necessarily different from that of the tachis- 
toscope. Tachistoscopic experiment may be carried out with hand feeding 
of the material, but bradyscopic experiment will preferably, if not absolutely, 
require automatic feeding. 

The analogy between the antitheses of telescope-microscope and of brady- 
scope-tachistoscope is perhaps more significant than exact. Psychology no 
longer depends upon physiology for instrumentation. It must acquire its own 
technology and have appropriate names for its set-ups. If ‘memory apparatus,’ 
a term adopted entirely without deliberation, is adequate for its purpose, we 
might just as well be contented with ‘perception apparatus’ for tachistoscope 
or ‘time apparatus’ for chronoscope. Bradyscopes are used for a variety of 
purposes. They are no longer limited to memory experiments. Therefore, the 
compound term ‘memory apparatus,’ even though it may have some intrinsic 
merit, should give place to the descriptive term ‘bradyscope’ in contradis- 
tinction to ‘tachistoscope.’ It is my suggestion that hereafter the term ‘brady- 
scope’ should be extensively and exclusively used in place of the so-called 
‘memory apparatus,’ the expression ‘exposure apparatus’ being reserved for 
covering both tachistoscope and bradyscope. As I noted in the original de- 
scription, the Quadrant Tachistoscope is both a tachistoscope and a brady- 
scope since it can be used for both purposes. Although I have already designated 
it as a tachistoscope, I am now more inclined to call it a bradyscope or a brady- 
scope-tachistoscope. 

In conclusion, I wish to point out that the Quadrant Tachistoscope or 
Bradyscope is designed for releasing the most rapid vision of perception in- 
stead of the most rapid excitation. It is different from the related Dodge 
Drop-Exposure Apparatus in that it involves what I call the simultaneous 
voluntary maintenance of exposure. I suggest that hereafter we shall use the 
term ‘bradyscope’ in place of the so-called ‘memory apparatus’ in contradis- 
tinction to ‘tachistoscope.’ The justifications for this suggestion are that it 
is profitable to distinguish these two classes of apparatus and that the com- 
pound term ‘memory apparatus’ is absolutely inadequate since its functional 
designation has lost its real significance. 

Stanford University Siecen K. Cuovu 

Tue Term ‘BRADYSCOPE’ 

In spite of Dr. Chou’s plea for his term ‘bradyscope,’ I, for one, am not 
convinced that there is any need for it, or that it can serve any useful purpose. 

If Dr. Chou really means what he says, that “hereafter the term ‘bradyscope’ 
should be extensively and exclusively used in place of the so-called ‘memory- 


1®6R. Dodge, An improved exposure apparatus, Psychol. Bull., 4, 1907, 10-13. 
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apparatus,’’’ then surely he has not made out a case for his term. If one wishes 
to give a new name to an old apparatus, one must justify the substitution by 
showing that the old name is inadequate and that the gain resulting from the 
change outweighs its inconvenience. Dr. Chou does neither. 

The term ‘memory-apparatus’ is, in my opinion, entirely adequate. If, 
for example, an experimenter reports that he used a Spindler-Hoyer memory- 
apparatus, the reference is as adequate as it is specific. Nothing is gained 
by saying that he used a Spindler-Hoyer ‘bradyscope.’ The term ‘memory 
apparatus’ is, moreover, firmly entrenched in the psychological literature, not 
only in English, but as Dr. Chou himself points out, in other languages as well. 
Even though Dr. Chou’s term were to be adopted by psychologists of other 
countries—a contingency not to be expected—students of psychology would 
not be freed from the necessity of learning the old term. If they are to under- 
stand the literature of the past, they would have to know that a ‘memory- 
apparatus’ is a ‘bradyscope.’ Not a difficult association, to be sure; but the 
question is, is it a profitable one? 

It is clear, however, to all who read his note, that Dr. Chou does not mean, 
in spite of the sentence quoted above, to limit the application of the new term 
to memory apparatus. He proposes a much broader use; he sets ‘bradyscope’ 
in opposition to the term ‘tachistoscope.’? What now is the difference between 
the two pieces of apparatus? When do we have one and when the other? 
Dr. Chou is unable to find anything but a functional difference between them. 
The telescope-microscope analogy, which, as Dr. Chou admits, is ‘‘more 
significant than exact,’”’ does not hold. The functional difference between 
the telescope and microscope is paralleled by a structural difference, and the 
two pieces of apparatus cannot be used interchangeably. Between the tachis- 
toscope and the ‘bradyscope,’ there are no significant structural differences, 
and the two may be used interchangeably. Dr. Chou’s Quadrant Tachisto- 
scope, for example, serves the dual function. 

It may be laudable to make two blades of grass grow where one grew before, 
but the same can hardly be said regarding names of scientific apparatus. 
K. M. D. 


NOTES AND DISCUSSIONS 
Tue GESTALT PsyCHOLOGY AND THE GESTALT MOVEMENT 


Whatever may be the case in Germany, there is no doubt that Gestalt 
psychology has received a tremendous amount of attention in America. There 
is no need to document this point by reference to discussion in the literature, to 
the programs of meetings of psychologists, to the welcome to Kohler’s book, or 
to Koffka’s distinguished appointment at Smith College. As is always the case 
when a new view makes a claim for recognition, this attention has been both 
favorable and unfavorable; however, I cannot resist a very positive impression 
that applause and disparagement have been mingled in such anintimate way as 
to make of the reception of Gestali psychology almost a paradox. 

Perhaps I can make my point most clearly by stating at the outset my 
own ambiguous attitude toward Gestalt psychology. When its leading ex- 
ponents have positive statements to make, I am nearly always in accord with 
them. I applaud the thought, and ordinarily I applaud the positive exposition 
of the thought. The movement as a whole seems to me to be the most valuable 
movement in psychology during the present century. Yet I do not like move- 
ments, although I recognize their importance. Most especially I do not like 
Gestalt psychology as a movement. Let us take Kéhler’s new book as an ex- 
ample. Some of the chapters in it seem to me as near an approach to ‘truth’ 
as we have yet had. Some of the exposition is masterly. I have read most of 
the positive content with assent, an assent that is not lessened when I recog- 
nize a view as a venerable opinion of James or Wundt or even Aristotle. For 
all this approval, the negative exposition, directed against an obscure “‘be- 
haviorism” or an indeterminate “introspectionism”’ or a mythical majority of 
psychologists, is such that the argument, in seeking to avoid personal hostility, 
appears either uninformed or disingenuous, and, in any case, misleading. 

Thus it may well be that this strange commingling of approbation and 
dislike, produced by Gestalt psychology, has its roots in certain incompatibili- 
ties within Gestalt psychology itself. If it mixes fact with propaganda, if it 
combines the modesty of presenting new hypotheses representing tentative 
programs of work in a young science with the egotism of contempt for ‘bar- 
barians’ and esteem only for ‘Rome,’ if there is this schizophrenia within Gestalt 
psychology, then it is hardly surprising that its reception runs the emotional 
gamut, not only for psychologists in the mass, but for even a single individual. 
It is quite possible that scientific humility and the egotism of movements are 
essentially incompatible, and that Gestalt psychology as psychology and as a 
movement are in conflict. 

The first step in resolving a conflict is to recognize its existence and its 
nature, and it is for such a psychotherapeutic purpose that I write this note, 

Let us begin by laying down two fundamental principles. Each is so ob- 
vious and so well-recognized that one hardly ventures to make the formulation 
without an apology. Each is, however, almost universally overlooked in con- 
troversy over movements and their evaluation. 
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(1) The progress of thought is gradual, and the enunciation of a ‘new’ crucial 
principle in science is never more than an event that follows naturally upon its 
antecedents and leads presently to unforeseen consequents. It is the thankless 
task of the historian to undramatize science by showing that the ‘great’ events 
are seldom more than the maturation of a genetic course, already determinate, 
in which some name, by a false atomism of historical description, comes to 
stand for a change which seems discrete, but which is actually continuous. 
This atomistic view is the ‘‘machine-theory” of the history of science and it is 
as false as any machine-theory against which Gestalt psychology ever inveighed. 
Science is a dynamic whole; it is not made up of schools where some are right 
and some are wrong; it is made up of the thoughts and activities of persons, all 
of whom affect each other, and no one of whom remains very long unchanged. 

(2) A movement is always negative; it is characterized in part by its oppo- 
sition to some other older view. This older view constitutes for it a frame of 
reference in respect of which it ‘moves.’ Of course, a movement may have its 
positive aspects too, but they alone do not make of it a ‘movement.’ By them- 
selves they constitute only a ‘discovery,’ an ‘advance,’ an attitude or a situation 
that may come for the time being to be described as ‘the more modern view.’ 
This second principle conflicts with the first, for, in its negativism, a movement 
seeks to give itself a separate individuality by setting itself off discretely from 
the immediate past. Thus movements support the ‘machine-theory’ of the 
history of science, and picture, falsely, a continuous upward trend as a series 
of abrupt steps.” 

That the paradox of Gestalt psychology arises from the conflict of these two 
principles will be, I think, fairly obvious to everyone who has sought to evaluate 
the new movement for himself. There can not be the least doubt that Gestalt 
psychology represents an important positive advance within psychology. It 
seems to me that there is no less doubt that it exaggerates both the magnitude 
of the advance and its dependence upon a certain small group of persons. It 
is not clear that psychology might not have come the same way, only a little 
more slowly, had there been no Gestalt psychologists. The complaint of Gestalt 
psychologists that its critics object to it either as being false, or contrariwise, 


1This first principle I have sought to develop, with illustrations, in The 
problem of originality in science, this JoURNAL, 39, 1927, 70-90. 

2 Upon this second principle I have touched in The psychology of contro- 
versy, Psychol. Rev., 36, 1929, 97-121, esp. 114-119. Both of these principles 
also find frequent illustration and discussion throughout the pages of my 
History of Experimental Psychology, 1929. 

In all fairness I ought to add here that movements may have their 
value, and that the distortion which they present is not always to be con- 
demned. I have made this point in Psychol. Rev., loc. cit. The actual history 
of science as a continuous development in thought and knowledge plays in 
this situation the réle of undifferentiated data. he movements, that trans- 
form continuity into step-phenomena, are like the perception of data, organized 
into figure and ground in the fashion that perception is. Institutional science 
is a sort of social perception of the fundamental data of science, and the prin- 
ciple of its organization always makes discreteness necessary. In the present 
case, however, we need to get behind institutional science, organized for the 
economy of thought, in order to resolve the puzzling paradox of Gestalt psy- 
chology; and for this reason I have treated movements in this note as if the dis- 
tortion that they involve were always wholly undesirable. 
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as being ‘not new,’ is exactly what we should expect if some persons concerned 
themselves with its positive aspects and others with it negativism. Presently 
we can attempt to make these points specific, but first we need to consider some 
other general aspects of the situation. 

There is no doubt that Gestalt psychology is a movement; and it is a move- 
ment in a more extreme sense than behaviorism. The behaviorists do not agree 
among themselves, and the critics of behaviorism are generally forced to attack 
Watson, who admits being the founder of behaviorism, if they wish to particu- 
larize an argument. In Gestalt psychology there is, however, no tendency for 
Wertheimer, Koffka, and Kéhler to differentiate themselves by mutual crit- 
icism. If we think that this apparent harmony, which is the greatest strength 
of a scientific movement, is somewhat suspicious, we shall not be criticizing the 
integrity of these three men but relying on our faith in individual differences 
that make complete agreement between intelligent persons impossible in re- 
spect of new thought. 

Gestalt psychology’s character as a movement becomes even more apparent 
when we realize that it has, almost, a personality. It has, let us note in the 
first place, a name—although even discordant behaviorism has got a name. Its 
various members, which include the opinions of the men just named, are inte- 
grated into a single dynamic whole. Moreover, Gestalt psychology has a mind, 
and sometimes even a voice, of its own. Kéhler speaks of it as something 
separate from himself, something to be described, something more objective 
than a personal view.? If we suspect telepathy when Gestalt psychology has an 
idea and ventriloquism when its speaks, we are simply objecting to the in- 
dividuation of schools in psychology, to the ‘machine-theory’ in science. 

Since movements depend upon opposition for their existence, not only do 
they tend to exaggerate the opposition, but they may even create an artificial 
enemy in order to have something to fight. Naturally such straw men go down 
readily to defeat at the hands of their doughty creators; nevertheless, a series 
of such illusory conquests serves admirably to preserve the individuality of the 
movement, as well as to increase its prestige. The law here is like the law of 
visual perception; the figure must have its ground, from which it is set off 
sharply in perception, although the field which it represents shows no such 
diehotomy. In the case of movements, however, the law is not always reversible. 
Attention to the ground may produce no clear figure, or at least none that 
adequately represents an objective basis for the experience. 

In this last respect, it seems to me, Gestalt psychology has found it necessary 
grossly to distort the perception of psychology at large. Kohler has criticized 
both behaviorism and introspection in great detail, but without specification of 
culprits.‘ What he gives us are merely John Doe warrants for the arrest of 
somebody. My detective skill does not reveal a behaviorist who can be indicted 


3Cf., e.g. W. Kohler, Gestalt Psychology, 1929, 182-184. I have not tried to 
collect from this book instances where Kohler lets the god speak for him, 
because in general Kohler courageously adheres to the first person; cf. p. 34. 
Nevertheless his occasional tendency to shift responsibility to his idol is too 
clear a symptom of a movement to be ignored. 


‘Kohler, op.cit., on behaviorism, 3-69; on introspectionism, 70-102. 
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for just this complication of crimes, and I am convinced that in the case of the 
introspectionist Kéhler must be haunted by the ghost of a psychologist long 
since dead.§ 

We shall return to this matter in a moment, but it is necessary to say here 
that what is true of Kéhler’s method in the big issues is also true in the small. 
I take one instance. Kéhler has had a great deal to say about the fact that 
phenomenal size, when the distance of the perceived object is varied, is directly 
proportional neither to the size of the object nor to the size of its image upon 
the retina. Every psychologists who knows anything at all about this matter 
knows that he is right. The sophisticated reader is irritated by Kéhler’s 
insistence. The naive reader is led to believe that psychology, benighted before 
the sunrise of Gestalt, believed that perceived size corresponded to the size of 
the retinal image. Kohler says not a word, for example, about the famous 
alley experiment and the work of Hillebrand, Poppelreuter, Schubotz, and 
Blumenfeld from 1902 to 1913, all before the Gestalt movement had come into 
existence.” He might say, of cours®, that the results simply reénforce his point. 
That is true; but they also reénforce my point that movements suffer from a 
psychic blindness which is rooted, like other hysterical phenomena, in the ego 
that a movement protects. 

At this point I have said my say about Gestalt psychology in general, but, in 
saying it, I have complained—for it was a complaint—that Gestalt psychology 
cultivates a fictitious opposition in the interests of its self-preservation. It is 
fair for the reader to ask me to show that I have not been discussing a fictitious 
Gestalt psychology. I ought to be concrete and for this purpose I propose to 
discuss Kohler’s Gestalt Psychology as illustrating these general matters of the 
conflict between the positive and negative sides of the movement. I welcome 
this opportunity especially because it allows me to mingle applause with 
disapprobation. 

In the first chapter of this book Kéhler presents his epistemology, a posi- 
tivism undaunted by the circular relationship between experience and the objec- 
tive world, a psychical monism that exposes immediately the absurdity of the 
chief tenet of behaviorism. It is a masterly exposition of a very difficult matter, 
and I for one am glad to have at hand so attractive and lucid a reference to 


‘This comment is not to be limited to Kéhler. The remarks of Max Wert- 
heimer in Psychol. Forsch., 4, 1923, 301, attack a ‘bundle hypothesis’ which, I 
think, no important psychologist since James Mill has held seriously. I have 
mentioned this point elsewhere, Psychology for eclectics, Psychologies of 1930. 

6Cf. Kohler, op. cit., 74-76, 86 f., 93 f., 105 f., 133. 

7Cf. F. Hillebrand, Theorie der scheinbaren Grosse bei binocularen Sehen, 
Denkschr. d. math.-naturwiss. Kl. d. kais. Akad. d. Wiss. zu Wien, 72, 1902; W. 
Poppelreuter, Uber die Bedeutung der scheinbaren Grésse und Gestalt fiir die 
Gesichtsraumwahrnehmung, Zsch. f. Psychol., 54, 1910, 311-361; Beitriige zur 
Raumpsychologie, ibid., 58, 1911, 200-262; F. Schubotz, Beitrige zur Kenntnis 
des Sehraumes auf Grund der Erfahrung, Arch. f. d. ges. Psychol., 20, 1911, 
101-149; W. Blumenfeld, Untersuchungen iiber die scheinbare Grésse im 
Sehraume, Zsch. f. Psychol., 65, 1911, 241-404. See Schubotz and Blumenfeld 
for the many other earlier papers that belong in this literature. Poppelreuter 
and Kohler were at Berlin at the same time and both published papers in this 
same Heft of the Zeitschrift (Bd. 45), although they did their experimenting in 
different laboratories. 
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which I can send students. Just at present I think of this account as being as 
important for the psychology of 1930 as Mach’s treatment of the same problem 
was for the psychology of 1885. Here then is a major positive contribution. 
The view in its general outlines, however, is not new, and I do not believe that 
it is Gestalt psychology, even though any dualism seems at first thought to 
interfere with the working out of dynamical Gestalten. We can not do more than 
to hypothesize complete continuities in psychology at present, even when no 
dualistic problem is involved; and even Kohler has had to accept a working 
dualism in laying down his four laws of psychophysiological correlation. There 
could be a dualistic Gestalt psychology, unless, of course, Gestalt psychology is 
merely whatever Kéhler happens to think. 

These laws of psychophysiological correlation are also an important positive 
contribution.? They have been implicit in physiological psychology ever since 
there was such a field, but they have seldom been clearly defined and the 
assumptions can vary through a wide range of exactitude. Kéhler takes a 
middle ground and fixes his own opinions with delightful clarity. 

On the negative side the first two chapters are concerned with a criticism of 
behaviorism. It is here at the outset that one feels the vagueness of Kéhler’s 
enemy. He speaks often of ‘“behaviorism” and sometimes of “‘the behaviorist,” 
but he mentions no one, except that at the end of a chapter he cites the books 
of Hunter, Watson, and Weiss. Would he also include Lashley and Tolman 
and the Holt of 1915? Is there any sense to a picture of “the behaviorist”’ as a 
composite portrait of the thought of these six men? Some of them, I should 
think, would be astonished at this general attack on behaviorism, an attack 
which ignores their differences. 

Kohler’s third chapter takes introspectionism to task for rejecting meaning 
in psychology. This chapter disturbs me because I am some kind of an intro- 
spectionist. I am disturbed, not because I disagree with Kéhler, but because I 
agree with him in general, and because most ‘good’ introspectionists would 
agree with him today. Whom is Kohler criticizing? Is there any such person 
as his introspectionist? It is not really Wundt, who never ‘came down to brass 
tacks’ in the way that a rejection of the ‘meaning-theory’ requires. It could be 
the early Kiilpe, or even the Kiilpe of Beschreibung and Kundgabe, but not the 
latest Kiilpe. It could be Titchener of about 1910, but not the Titchener after 
1915 who rejected sensation as an observational datum, took up with dimensions 
of consciousness, and turned his laboratory upon experimental phenomenology. 
Certainly it is not Miiller, for experimental phenomenology was well intrenched 
at Géttingen three years before Wertheimer’s famous paper of 1912. Kohler 
admits that he is being vague,® but that is hardly an excuse for writing a chapter 
about the current views of nobody of importance.?° 

Experimental phenomenology is, of course, the introspective method 
employed without the attempt to limit description to a few formal sensory and 
attributive categories. As I see the development of this view, it was something 
like this. Nobody, whatever he might say about the problem of psychology, 


8Pp. 64-67. 
70, 


10Kéhler’s definition of introspection reminds me of a grotesque; cf. his 
pp. 89 f. 
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ever limited himself strictly to the formal categories. It is almost impossible 
to find instances of the narrower view in the printed introspections in the 
literature." About the turn of the century experimental phenomenology was 
beginning to appear. There were the Gestaltqualitdten (ca. 1890-1900)" of the 
Austrian school and the Bewusstheiten of the Wiirzburg school (ca. 1901-1908). 
Both these movements made the mistake of thinking of the new dataasnew 
elements, but Schumann’s account of visual form (1900-1904) is even freer 
from the old tradition. Then, somehow or other, the Géttingen laboratory got 
into the freer descriptive method with the work of Jaensch, Katz, and Rubin 
(1909-1915). The Gestalt movement proper dates from Wertheimer in 1912. 
The shift of interest in the Cornell laboratory was later, but the initial stimulus 
seems to have been derived more from Miiller’s laboratory than from Wer- 
theimer and Koffka. No wonder then that we are puzzled when we try to 
determine whom Kohler is refuting.” 

Kohler gives the core of his Gestalt psychology in Chapters IV to VI, on 
dynamics, sensory organization, and the properties of wholes. The exposition 
rivals his positive contribution of Chapter I. It is just what we have wanted, a 
definite, convincing exposition of the central doctrine. The argument shows 
also how Gestalt psychology has matured from the days—eight years ago— 
when it was occupied with complaining about analysis and association and with 
asking only for freedom. We continue to get here, however, the same un- 
documented, and presumably unfounded, complaints about behaviorism and 
introspectionism, but there are less of them. 

Kohler is arguing here for the acceptance of the organization of sensory 
phenomena in wholes as an obvious fact given to introspection. He draws most 
of his examples from the field of visual space perception. He is not making of 
organization a formal synthetic principle. He is saying: let us keep to observa- 
tion; whatever experience insists upon is scientifically true. Well, that faith 
is nothing new. It was the faith of Wundt. If Kohler thinks that Wundt failed, 
it was not because he had the wrong faith. Schumann had the same faith, and 
he described sensory organization in terms of attention. The difference here is 
one of words only. Gestalt psychology does not like attention as a concept be- 


4] know of only one case, almost pathological in its extremity: E. Jacobson, 
On meaning and understanding, this JOURNAL, 22, 1911, 553-577 

2K6hler, oblivious of most antecedents, nevertheless gives Von Ehrenfels 
his historical due: cf. pp. 187-192. 

This chapter of Kéhler’s presents so many minor occasions for dissent that 
I can only touch dogmatically upon a few of them, with a sentence apiece. 
The problem of meaning has not been quite neglected by introspectionism 
(pp.72 f.), for it was the reason for all associationism, Wundt needed apper- 
cer tion for it, and the context theory was a theory about it. The interest of 
Fechner and Hering i in memory color (cf. pp. 77 f.) shows that the constancy 
hypothesis never held complete sway. As a matter of fact the ‘constancy hy- 
pothesis’ (cf. pp. 91, 96 f.) could not have been important or there would not 
have been any problems for psychology to work upon; practically every psy- 
chophysical research is a study of how this hypothesis does not work. I doubt 
if many psychologists have been taught that illusions which evaporate under 
an analytic attitude are not valid psychology (p. 94); I was not. Of course, the 
apparent constancy of perception under some conditions i is a matter of learning 
(p. 80 f.); in narrow introspectionism one use of the ‘meaning-theory’ was to 
avoid the ‘constancy hypothesis.’ 
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cause it is vague. Sensory organization is equally vague. We shall get nowhere 
until we have a successful hypothesis about the organization. Titchener had 
the same faith. In order to get rid of the vagueness in attention and to insist 
on its givenness in observation he called it sensory clearness and much later 
attensity. If Titchener implied that sensory experience is organized in respect 
of attention, he was doing nothing more than to attempt to get this phenomenon 
of organization into verbal description. I do not pretend to have at my command 
the history of this struggle within psychology, but I think it is fair to say that 
Wundt, Schumann, Titchener, and Kohler have all faced the same problem, 
have appealed to the same faith for its solution, have achieved different de- 
scriptive terms for the phenomenon, and have gotten almost nowhere with the 
answer. 

Chapter VII deals with behavior, not the behavior of behaviorism, but a 
mentalistic behavior that implies immediately an experiential correlate or 
aspect. The exposition wins sympathy. The evidence is rather meager, 
hardly more than the vague empiricism of the philosopher. The discussion is 
directed especially against the argument by analogy from behavior to conscious- 
ness. I do not know who else may have defended this thesis; Titchener, at 
least, would never accept the argument by analogy and held that consciousness 
is not inferred from behavior but is immediately intuited by empathy. 

The chapters on association and reproduction strike me as a new general 
systematic account of learning and recall. Kéhler shifts the stress from the 
law of contiguity to the law of organization. Reproduction is by wholes, within 
wholes, or for wholes; and frequency of contiguity is rather the principle of the 
structurization of wholes. All this sounds novel, and, as far as I know, it is 
novel as a systematic exposition. Nevertheless, we must again look to our 
history. The law of contiguity was the outcome of the long unexperimental 
discussion of the associationists, and they had hardly settled down to this single 
law, when Ebbinghaus brought the problem under the experimental method. 
Since then there has been much lip service to the law, but I think it is not an 
exaggeration to say that every experimental research on association has been 
undertaken to show how the law does not work in some particular respect. 
Take Ebbinghaus’ first law. An observer can learn 12 syllables in 17 repetitions, 
but 24 syllables require 44 repetitions. There has been lots of stupidity. Even 
Meumann seemed to think that the law of contiguity would hold if twice as 
many syllables took just twice as many repetitions, whereas the law really 
means that if 12 syllables will ‘stick together’ after 17 concurrences, then 24 
should ‘stick together’ after 17 concurrences. Obviously the organization of a 
larger whole is more difficult. I am not going to argue that Ebbinghaus founded 
Gestalt psychology. I am simply saying that psychologists have understood 
this principle of the relation of organization to learning well enough to experi- 
ment intelligently and profitably ever since the experimental method was 
brought to bear upon the problem, and that Kohler now at last gives us a good 
systematic account of what has always been going on. The progress of science 
is continuous. 

The last two chapters of this book, the one on reproduction and the one on 
insight, are notable. After introducing concepts of the self and of purpose, 
Kéhler proceeds to show that insight is the organizing principle by which 
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organization is dynamically constituted in time. K6hler is modest and tent- 
ative, realizing no doubt the vagueness of this principle that lacks even a 
physiological hypothesis to inflate its frail fabric. With his difficulties one can 
be sympathetic. Every psychologist who has attempted systematic complete- 
ness has come up against this problem. And what have we? Community in 
recognition of the problem of the gross phenomenal fact, and a variety of words: 
unconscious inference, apperception, attention, determining tendency, libido, 
instinct, purpose, drive, conation, and now insight. I can not see that we are 
one bit further along. 

When one considers the book as a whole, one sees that it progresses steadily 
from assurance at the beginning to incertitude at the end. The later chapters 
are but little polemical, and I have nothing but appreciation for the author’s 
candor in thinking aloud and in exposing hypotheses to the ruthless reader. 
This is Gestalt psychology as psychology and at its best. I donot, however, 
find this spirit in the earlier chapters where the author triumphs easily over 
dummy antagonists. That, I think, is Gestalt psychology as a movement. If 
there are really two such different Gestalt psychologies, it is no wonder that the 
double personality has been received with such mixed emotions! 


Harvard University Epwin G. Borine 


Some Factors In Maze-PERFORMANCE 

As a result of experiments on animal learning a great deal of attention has 
been paid to the establishment of the conditions which underlie efficient maze- 
performance. The conditions are complex and writers have tended to emphasize 
one condition or another without—so it seems to the present writer—gaining a 
satisfactory picture of the various interrelationships involved.! 

Among the factors which determine efficient maze-performance it is possible 
to distinguish at least three primary variables: ‘knowledge,’ ‘reward,’ and 
‘drive.’ There is also a secondary variable, ‘reward-value,’? which is dependent 
upon all three of these. Let us then examine these variables and see how they 
are related to maze-performance and to each other. 

Knowledge is a requisite for efficient maze-performance. The rat must 
‘know’ the maze if he is to traverse it rapidly and with a minimum of errors. 
And here we should note that the usual ‘learning’ experiment deals only with 
this relationship, measuring knowledge in terms of maze-performance. Blod- 


14“There they stood ranged along the hill-sides! . . . And yet dauntless the 
slug-horn to my lips I set and blew.” Poetical quotation is out of place here, 
but the picture that I have in mind is given by the last verse of Browning’s 
Childe Roland to the Dark Tower Came. 

1Professor Tolman has referred to the present analysis in a paper read at 
The Ninth International Congress of Psychology at New Haven, September 6, 
1929. See E. C. Tolman, Maze-performance as a function of motivation and 
of reward as well as of knowledge of maze-paths, Proc. IX Internat. Cong. 
Psychol., 1929, 4398. 


2The term ‘reward-value’ has been used with a slightly more limited meaning 
by Katherine A. Williams. 
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gett,? the writer,‘ and, indirectly, Simmons,’ have shown, however, that knowl- 
edge is not, in itself, sufficient to produce quick and accurate maze-performance. 
The animal may know the maze but he will not perform efficiently unless he is 
rewarded. 

Reward, then, is also necessary for efficient maze-performance. Szymanski‘ 
and others have found that removal of the reward causes a decided decrease in 
the quality of performance. Blodgett’s experiment indicates, moreover, that 
these first two variables are relatively independent. In other words knowledge 
may be acquired independently of the reward-conditions. 

Drive is also a necessary condition—and by drive is meant the internal 
state of the animal, i.e. the complex of physiological concomitants which we 
refer to as thirst, or hunger, or sex-drive. Szymanski,’ for example, found that 
when hungry, a rat would give a perfect performance; when satiated, it would 
make many errors. 

Reward-value is, as stated above, a secondary variable and is dependent 
upon all three of the others, i.e. reward, drive, and knowledge. The dependence 
has been, in each case, established experimentally. It is well known that 
different rewards vary in their effectiveness (or reward-value). Simmons,? for 
example, has shown that “bread-and-milk and sunflower-seed both appeal to 
the hunger drive . . . . and yet we get a difference in records with the two re- 
wards.” Rewards, then, tend to have a natural or ‘real’ reward-value which 
may be due to biochemical factors. 

It is obvious, however, that changes in the drive will affect the reward-value 
of a given reward; that is to say, a reward of food will bring about more efficient 
maze-performance in a hungry rat than in a satiated rat. Likewise food will 
have little reward-value for a rat which is thirsty but not hungry. The writer 
has given a case where different rewards have approximately equal reward- 
values because of appropriate variations in the drive.* Also a case is given 
where the reward (food during one period and water during another period) has 
different reward-values for various groups of rats because of differences in the 
drives.!° 

Furthermore, it has been pointed out that maze-performance is not deter- 
mined solely by the ‘real’ reward-value even when the drive is constant." 
Knowledge or ‘expectation’ may alter the reward-value. The writer has given 
a case where the same reward (sunflower-seed) has different reward-value for 
two groups of rats under the same drive-conditions."* This was apparently 


*H. C. Blodgett, The effect of introduction of reward upon the maze per- 
formance of rats, Univ. Calif. Publ. Psychol., 4, 1929, no. 8. 

‘M. H. Elliott, The effect of change of reward on the maze performance of 
rats, Univ. Calif. ’ Publ. Psychol., 4, 1928, no. 2. 

5R. Simmons, The relative effectiveness certain incentives in animal 
learning, Comp. Psychol. Monog., 2, 1924, no. 

6J. S. Szymanski, Abhandlungen zum Aufbau der Lehre von den Hand- 
lungen der Tiere, Arch. f. d. ges. Physiol., 179, 1918, 1-244. 

7Loc. cit. cit. 

°M. H. Elliott, The effect of change of drive on maze performance, Univ. 
Calif. Publ. Psychol., 4 1929, no. II. 

0M. H. Elliott, The effect of appropriateness of reward and of complex 
incentives on maze performance, ibid., 4, 1929, no. 6 

UElliott, ibid. “Elliott, op. cit., 1928. 
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due to the fact that one of the groups had previously been trained to ‘expect’ 
another reward. Williams gives an extreme instance of the effect of previous 
training on reward-value: a box in which rats had been repeatedly fed came to 
have reward-value, in itself, even though when used as the goal-box of a maze 
it contained no food. 


KNOWLEDGE — EFFICIENT MAZE- 
\ 7 PERFORMANCE 


—-REWARD-VALUE 


REWARD 


The accompanying diagram, then, summarizes the present analysis of the 
factors underlying efficient maze-performance. The maze-performance is 
directly determined by knowledge and reward-value. The latter, in turn, is 
dependent upon reward, drive, and knowledge. Reward and drive function 
only through the intermediary of reward-value. 

The reader may well object that this schema is mere speculative logic; that 
the variables are arbitrarily selected; and that the schema is incomplete. The 
answer to the objections is that a moral is pointed directly to the experimenter. 
The maze is used as a measuring device and an understanding of the factors 
determining efficient maze-performance seems highly to be desired. The three 
‘primary’ variables may be rather arbitrary but they are capable of experi- 
mental manipulation and control. There are undoubtedly other factors under- 
lying these ‘primary’ variables but we must wait upon experimental investiga- 
tion for further extension or modification of the analysis. 


Harvard University M. H. Ex.iorr 


ConsTANcy OF ATTITUDE MAINTAINED OVER A LONG PERIOD oF TIME 


Five years ago, Professor H. Sherman Oberly acted as observer in a lifted- 
weight experiment reported by Rudisill.! After a period of 5 years during 
which he has not made any judgments of this sort, he has again been acting 
as an O in another lifted-weight experiment. The objective conditions of the 
two experiments were the same. In Rudisill’s experiment, three forms of in- 
struction were employed—one of which was framed to induce the stimulus 
attitude. It is possible to compare those results with the ones from the present 
experiment. These results are given in the accompanying table, in which will 
be found the values for the indices of precision, the limens and the points of 


3K. A. Williams, The reward value of a conditioned stimulus, Univ. Calif. 
Publ. Psychol., 4, 1929, no. 3. 

1E. 8. Rudisill, Constancy of attitude in weight perception, this JouRNAL, 
36, 1925, 562-587. 
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subjective equality and intervals of uncertainty, for both the present and the 
former sets of results. It is evident from a comparison of the averages of each 
set of results, that the precision of judgment has not changed to any great 
degree, inasmuch as the values of h; and hz are very similar—that for hy being 
almost identical. 

The average values for both limens (S; and 8.) are lowered and this be- 
comes evident when one considers the values for the points of subjective 


TaBLE SHOWING THE INDICES OF PrREcISION (h), THE LimeENs (S), THE 
INTERVALS OF UNCERTAINTY, AND THE Points oF SUBJECTIVE 
EQUALITY FOR THE Two Sets or DaTA 


Point 
Sus- 
SERIES Uncer-| JECTIVE 
EQuaL- 
ITY 


TAINTY 


.100 .83 95.99 
3-55 96. 
.093 31 95. 
-099 -39 94. 
.086 .76 92. 
082 . 8: ‘ 5.52 93. 


.090 5-39 | 94. 


.108 .61 93. 
.072 -04 92. 
.099 .58 92. 


0.0gI 89. 25 .49 92. 


equality. The value for the present series is almost two grams lower than that 
for the former set. Indeed all four of the values for the fractionated series are 
lower than all but two of the same values obtained before. But it will be ob- 
served that the present values are of a similar magnitude to the last values of 
the former experiment after progressive practice was complete. 

The same relations are observable for the values of the interval of uncer- 
tainty. Although the average for the present set is larger by almost 20% than 
the average for the former experiment, the present average is much more 
similar to the values after former progressive practice. 

So far as the author knows, there have never been reported results of an 
observer taken under similar conditions after a long interval. The results of a 
single observer carry little conviction but these results, which show such a 
striking constancy of attitude after a 5-yr. period without practice, are given 
in the hope of stimulating further research as opportunity may offer. 


University of Pennsylvania S. W. FernBERGER 


YEAR 
I 0.095 
2 0.094 
3 0.094 
4 0.135 
5 0.135 
6 0.119 oO 
AVE. 0.112 74 
I 0.112 61 
2 0.090 73 
3 0.080 66 
4 O.1II 45 
AVE. 0.098 86 
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Tue PsycHoLoGicaL REGIsTER 

Professor Dallenbach’s critical examination of the Psychological Register in 
the January number of the JourNAL seems to me to dwell too lightly upon the 
matter of the omission of so many of the names of important foreign psycholo- 
gists. In editing the Proceedings of the Ninth International Congress of Psy- 
chology I have gained the impression that, when in doubt about the exact 
name or the city of residence of a foreign psychologist, it is quite useless to go 
to the Register. The membership of this Congress included, however, some 
relatively unimportant persons and it is probably not a fair check upon the 
Register. 

One gets a little more insight if he examines the membership of the Inter- 
national Committee that stands back of the Congresses. Each of the persons 
in this Committee is supposed to have been among the leading psychologists 
of his country at the time of his election, although many who were elected long 
ago have now ceased to be active. There are at present 122 persons on the 
Committee, and the following 46 are not listed in the Register. 

d’Arsonval Patini Sergi 

Asher Patrizi Seris 
Baldwin, J. M. i *Pavlov *Spielrein 
Bernfeld Head Pikler Stout 

Bohn Heinrich Roels Stuart 
*Borovski HO6ffding *Roxo Thiéry 
*Bouman Leuckfeld Rubin Toulouse 
Brown, W. Ley *Salkind Tschelpanov 
Cajal Magalies Schuyten Villa 
Demoor Mendelssohn Séglas Winkler 
Ehrenfels Mingazzini Seracky Youriévitch 
Ferrari Zwaardemaker 

Of these 46 there are 25 that I, from my own knowledge, believe should 
have been included in the Register, and of course the Register ought to transcend 
the casual knowledge of any one individual. The asterisks in the list indicate 
six omitted names among the 21 foreign psychologists elected to the Committee 
in 1929, men whose psychological activity is therefore definitely of the present. 

Plainly a revised and more comprehensive edition of the Register is needed 
whenever it can be prepared. Let us hope that, if the editor continues with 
the plan of mustering the dead in a second volume, he can find some better 
method for making up the roll. Unfortunately for him the dead will not reply 
to questionaires, nor will their contemporaries ordinarily be willing to compile 
lists. E. G. B. 

THE ORIGIN OF THE WorD CRETIN 

Professor S. I. Franz in a recent article says: ‘To those children in which 
general mental-cerebral relation is retarded because of failure of development 
of the thyroid gland, the name of cretin is given. This is due to its early 
recognition as a frequent occurrence in the island of Crete.’’! This theory of 
the origin of the word cretin rests upon a similarity which is entirely accidental. 
The Oxford English Dictionary and the larger dictionaries of the French lan- 
guage indicate that the English word ‘cretin’ is taken from the French crétin, 
which goes back to a Swiss patois word crestin or creitin, which came from the 


1The Foundations of Experimental Psychology, 1929, 811. 
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Latin christianum, Christian. Why these idiots were called ‘Christians’ is 
not entirely clear. The word ‘Christian’ in the Romanic languages used to 
mean human being as distinguished from brutes. Apparently its application 
in this case is a euphemism. The same sort of euphemism is seen in the words 
applied to lepers in France in early times—les malades or les chrétiens. 

Rice Institute Frank A. Parties, Jr. 


ANOTHER NOTE ON THE OBSERVER IN Ps¥CHOLOGY 


The note to which Professor Dashiell refers (Psychol. Rev., 37, 1930, 183) 
I was prepared to publish provided an editorial comment were to follow it. 
The note itself seemed to me neither sufficiently competent nor informed to 
appear by itself. It was then withdrawn by the author, who failed, of course, 
—until my brief article came out (this JoURNAL, 41, 1929, 682-683)—“‘to learn 
what distinctions were meant.”” Has Dashiell exaggerated the dependence of 
my article upon his note? His note, which was typical of much recent be- 
havioristic writing, merely presented an occasion for my remarks upon “the 
history and significance” of the terms ‘observer’ and ‘subject.’ Dashiell con- 
tended that since the word ‘observer’ had been misused (he cites one doubtful 
example), it should be dropped entirely. On the basis of that slender proposal, 
I could scarcely have held him responsible for the matters which I specifically 
discussed. 

In professing to “reply’’ to me, in his second note, Dashiell seems to have 
been too deeply annoyed to observe my distinction between the terms in ques- 
tion. He proceeds gravely “‘to recommend the universal use” of subject, for, as 
he argues, “an interest in clarify would demand the use of one common word 
in all cases.’ He therefore proposes to compromise upon his own preferred 
term. That would “be accurate enough” for him. 

Since I made no declaration about the general “scientific réle’’ of the ob- 
server, that part of Dashiell’s criticism might have found a more appropriate 
context. Had he seriously wanted to know about the observer “‘in Titchener’s 
sense,”’ he might have turned to that writer’s Systematic psychology; prolegomena 
(1929) instead of loosely observing that ‘‘there is abroad the opinion, etc.” To 
label those who use this “particular terminology” as ‘disciples’ of Titchener 
seems to remove the discussion for partisan purposes from the discourse of the 
sciences; but Dashiell may elect to bring it back by naming those whom he 
thinks of as maintaining the discipular relation. Mapison BENTLEY 

A Correction: ALLPport’s “Soctau FAct.iraTion” 

In his article upon ‘“‘Allport’s experiments in ‘social facilitation’ ”’ E. G. Wil- 
liamson! examined the evidence presented by that author for the alleged effect 
of facilitation in small working groups. In so doing Williamson misread a table 
of Allport’s? and contended that the author of the article had not taken into 
account an unlike number of trials made in isolation and in group-work. He 
overlooked a statement in Allport’s text about averages, and he seems to have 
been confused by the ‘‘total number of associations” (Table II), which appears 
to be the sum of three minute-periods; although, if it is, then 23 of Allport’s 
additions are arithmetically wrong. At all events, this point, which Williamson 


1Psychol. Monog., 35, 1926, (no. 163), 138-143. 
*J. Exper. Psychol., 3, 1920, 164. 
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also makes against other tests upon association and upon “thought process,” 
obviously rests upon a misunderstanding of Allport’s figures. Since the present 
writer was general editor for the Studies in which Williamson’s criticism ap- 
peared, he makes this tardy correction. Manpison BEentTLEY 


KWARTALNIK PsYCHOLOGICZNY 


Volume 1, number 1, of the Kwartalnik Psychologiczny, the Polish Quarterly 
Journal of Psychology has recently been published. Stefan Blachowski of 
Poznan is the editor. The first number has 144 pages. It is well printed and 
edited. American psychologists will welcome it and wish it success. 

Psychological journals have hitherto failed in Poland for want of financial 
support; but the new Quarterly is to be sustained from a governmental “Fund 
for National Culture.” While it is established for Polish psychologists, the 
Quarterly will receive contributions (in German, French or Polish) from other 
European countries. In the first number are five original articles, two experi- 
mental and three theoretical. Mario Ponzo (Turin) writes upon “‘Phénoménes 
d’annulation perceptive avec des ‘stimulus’ surliminaires, Georges Dwel- 
shauvers (Paris) upon ‘‘Cerveau et pensée’”’ and Ramiro Bujas (Zagreb) upon 
“Die psychischen Bedingungen des psychogalvanischen Phinomens.” The 
two Polish articles are from Poznan University. One is on “Erroneous re- 
sponses in pedological researches” (by Ludwik Jaxa-Bykowski), and the other 
is a “Note upon the new definition of intelligence proposed by W. Stern” (by 
Adam Wiegner). The foreign articles are abstracted in Polish, and the Polish 
in French. 

The Quarterly contains discussions, notes, and book reviews. It also in- 
cludes a section of Polish abstracts of articles from foreign periodicals. As 
the abstracts are seriously done for most of the important European and 
American journals, they should be of great service in Poland where the foreign 
periodicals are difficult to obtain. 

Sarah Lawrence College Tueopora Mrap ABEL 


JOURNAL OF SoctaL PsycHoLogy 
The first number of the Journal of Social Psychology, dated February, 1930, 
has been received. It is edited by John Dewey and Carl Murchison. Luberta 
M. Harden is assistant editor. An “international céoperating board,” com- 
posed of fourteen American and six foreign members, is listed on the cover page. 
The scope of the new journal, as announced in a subtitle, extends to ‘‘political, 
racial, and differential psychology.” 
The February number contains the following articles: A neurotic inventory, 
by L. L. and T. G. Thurstone; The development of men of science, by A. T. 
Poffenberger; The physiological basis of neurosis and dream, by T. Burrow; 
Recent improvements in devices for rating character, by M. A. May and H. 
Hartshorne; The contribution of ten chronicles-of-American photoplays to 
seventh grade history teaching, by J. W. Tilton and D. C. Knowlton; An 
objectivity-subjectivity ration for scales of measurement, by H. F. Adams; 
and Why do we weep? by F. H. Lund. A section is devoted to short articles 
and notes, and one to reviews of books. The articles are followed by abstracts 
in French and German. K,. M. D. 
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BOOK REVIEWS 
Edited by Josep Pretrerson, Peabody College 


Bodily Changes in Pain, Hunger, Fear, and Rage. By Water B. Cannon. 
Second Ed., Revised and Enlarged. New York, D. Appleton & Co., 1929. 
Pp. xvi, 404. 

The revisions in this valuable and well known book are particularly inter- 
esting to psychologists because four of the five new chapters which have been 
added in the present edition deal with topics which are largely psychological. 
These four new chapters are: Emotional Derangement of Bodily Functions, 
The Physiological Basis of Thirst, A Critical Examination of the James-Lange 
Theory of Emotions, and Emotion as a Function of the Optic Thalamus. 
These additions are, in the order named, chapters 14, 16, 18, and 19. (In the 
Table of Contents 18 is wrongly numbered 19.) These chapters, together with 
Chapter 11, on Emotional Increase of Red Corpucles, the fifth new chapter, 
cover 89 pages. A good deal of recent material has been added to the other 
chapters in support of the author’s general thesis “that the bodily changes 
which attend great excitement are directed toward efficiency in physical 
struggle,” and the references at the end of the chapters have been brought up 
to date. Much of the data even in the chapter on Emotional Derangement of 
Bodily Functions is also of the ‘supporting’ kind, although the author does 
admit (and does support by evidence) that pathological states may manifest 
themselves in extreme emotions and harmful results may follow. In this 
chapter, after replying briefly to Piéron’s contention that emotional reactions 
contain large elements of useless facial contortions and are accompanied by 
pathogenetic processes, Cannon argues that the outbursts of these major de- 
fensive emotions have the characteristics of a simple reflex—‘‘the inborn, 
prompt, constant, uniform, permanent and useful nature of the response to a 
definite kind of stimulus’’—and differ from the reflex ‘‘not in quality but in 
complexity” (p. 244). One cannot but think that these utility aspects are 
still somewhat overdone, though he may agree with the general thesis of the 
author. 

Experiments by Cannon and Britton and by Bard are considered, which 
indicate rather conclusively in cerebrally decorticated cats the existence of 
certain complex responses some of which are under cerebro-spinal and some 
under sympathetic control, and which show that ‘‘typical sham rage, accom- 
panied by vigorous discharge of sympathetic impulses, occurs when both 
hemispheres, the corpora striata and the anterior half of the diencephalon have 
been completely isolated. The additional extirpation of the posterior half of 
the diencephalon,” however, ‘promptly abolishes the spontaneous activity. 
Further tests proved that the center lies in a small brain mass in the ventral 
part of this region” (p. 247). This ancient portion of the brain contains the 
nervous organization for the display of rage including both bodily attitudes 
and visceral responses. This region is not so located, as are the cortical re- 
gions, that the activities under its control can be constantly adjusted to external 
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changes in the environment of the animal, but it is so disconnected from such 
outer influences that the essential features of the acts controlled through this 
center are unlearned, being “prompt, constant, uniform and permanently 
established patterns of reaction to appropriate stimuli” (p. 248). 

Thus wholly on experimental evidence it has been shown that these re- 
lated defensive emotions have their centers in the thalamic region. Neural 
schemes are presented to show how, through subcortical interruption of the 
motor tract, patients with certain forms of unilateral paralysis (hemiplegia) 
may be incapable of moving the face on the paralyzed side, yet in emotional 
excitement the muscles which were unresponsive to voluntary (i.e. cerebral) 
control flash into action, giving both sides of the face the appropriate expres- 
sion whether cheerful or sad. In unilateral injury of the thalamic neurones 
the patient may move both sides of the face at will but laughs or weeps only 
with one side of the face. 

So, it is pointed out, the skeletal muscles are governed at both levels, cortical 
and thalamic, but the viscera are directly only under the thalamic control. 
When there is conflict between these two systems, the cortical excitation 
dominates over and checks only those bodily functions which are normally 
under voluntary control. Now, on the assumption that as a rule only the 
cortically controlled activities are conscious, Cannon holds that those under 
subcortical control, which are ordinarily not conscious, may send their im- 
pulses into the cortical area causing the well-known “emotional seizures,” such 
as uncontrollable laughing, weeping, manifestations of rage, of ‘possession,’ 
etc. In this respect there is certainly much similarity between his view and 
that expressed by James. 


Cannon notes the danger to patients suffering from hypertension and senile 
impairment of getting into situations which are likely to cause extreme excite- 
ment. Under such conditions the sympathetic impulses both speed up the 
heart rate and constrict the arterioles, thus raising the blood pressure. He also 
gives evidence that violent emotional disturbances may produce harmful 
effects through hyperthyroidism and the consequent marked increase in meta- 
bolism, as well as by other means. In cases cited, certain murderous acts 
witnessed by the unfortunate individuals were final. They could not be un- 
done, and the neurones oversensitized by their effects were afterwards con- 
stantly aroused by stimuli which were in some respects similar to the original 
ones. Thus, Cannon maintains, ‘the persistent derangement of bodily functions 
in strong emotional reactions can be interpreted as due to persistence of the 
stimuli which evoke the reactions” (261). Other cases of persistent derange- 
ments may be due, he suggests, to circumstances which prevent the comple- 
tion of the emotional impulse and thus the elimination of the derangements. 


This latter is interesting to the reviewer as implying in its negative aspects, 
of incompleteness of response, a principle that he urged in 1916 as important 
in learning, and which found considerable support in later physiological and 
psychological work, a principle that does not invoke the ‘stamping in effects of 
pleasure.’ When Cannon refers to habit formation, however, even of emotions, 
he falls back on the old frequency doctrine of association, which for over ten 
years has been put in question by psychological experiments, and asserts that 
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“habits are established in the nervous system by frequently repeating an act. 
Every time the nerve impulses traverse a given course they make easier the 
passage of later impulses” (p. 265). 

In the long chapter on the Physiological Basis of Thirst, Cannon discusses 
both the “local origin’ and the “general origin” theories, and presents inter- 
esting observational and experimental evidence for the latter view. Cannon’s 
theory is that thirst does not require specialized nerves or any peculiar sen- 
sitiveness of the early portion of the digestive tract. In aquatic forms of life 
the entire organism was bathed in water, and even the mouth and throat were 
continuously flooded, since food was taken in a wet medium. In land animals 
only the mouth and throat continue to be moist. The respiratory tract, con- 
stantly exposed to air, is protected by a lining membrane of columnar epithe- 
lium and is richly provided with mucous glands, particularly in the nose. The 
mouth is not so provided, and although there are some mucous glands they are 
not capable of keeping the surfaces wet, expecially when air passes through the 
mouth as in prolonged speaking or singing. These surfaces must therefore be 
constantly flooded by salivary secretions, as in swallowing. In the pharynx the 
respiratory passage crosses the digestive tract, and if the water content of the 
body be for any reason reduced so that decreased salivation occurs dryness 
easily sets in, stimulating tireless swallowing activities, with the well-known 
resultant dryness sensation. 

Cannon found that checking salivary secretion by means of atropine re- 
sulted in the appearance of all the sensations and feelings ordinarily associated 
with thirst. By a method of measuring the saliva output in the mouth (chew- 
ing a tasteless gum at a uniform rate for five minutes and then collecting all 
the saliva that had been secreted during this time), he shows that the secretion 
is markedly reduced both as a consequence of going without fluid for a con- 
siderable period and as a result of profuse sweating. These results, as well as 
those of other investigators also presented in the chapter on thirst, support 
Cannon’s conclusion, that the salivary glands, along with their other functions, 
keep moist the “ancient watercourse,” and that a lack of “free water” in the 
general organism makes it impossible for these glands to keep the mouth and 
throat moist, the consequence being the local discomfort and unpleasantness, 
especially where the air passage crosses the food tract. There is no more ex- 
perimental warrant, however, for the author’s view that food and water are 
taken ‘‘to avoid or abolish . . . . the disagreeable sensations which arise and 
torment us” (p. 331), than for believing that the decerebrate pigeon whose 
cells have become depleted is seeking food to abolish its discomfort, or that we 
sneeze ‘for the pleasure of it.’ 

Cannon’s criticism of the James-Lange theory of emotions is already, in 
its main features, well known. It partly suffers from the error we have pointed 
out at the end of the previous paragraph. He charges James and Lange with 
a too great emphasis on the effects of visceral reactions. His own recent work, 
carried out in codéperation with Lewis and Britton on cats, after “removal of 
the entire sympathetic division of the automatic system,” showed (by the be- 
havior of the animals) that ‘‘these extensively disturbing operations had little 
if any effect on the emotional responses of the animals” (p. 348). But he could 
not, of course, see what James meant by the emotions, the ‘felt aspects’ of these 
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expressions. Cannon saw only the habitual, external expressions of certain 
stimuli. James could today, if he were here, accept all Cannon’s results in 
their entirety. When Cannon says, with Sherrington, that the same visceral 
changes occur in very different emotional and non-emotional states, James 
could well reply that the ‘different emotional states” can of necessity be ascer- 
tained in the cats only by the differences in their reactions. Though Angell’s 
criticism in 1916, as well as that by Perry in 1926, is considered, its force seems 
hardly to be appreciated. Indeed, it seems to the reviewer a useless thing in 
these days to spend much time on what differences a decerebrate cat might 
“feel” or ‘‘sense’’ under different stimuli and postures, even if these latter be 
now called “emotional expressions.’”’ Experiments on humans, offered by 
Cannon, show that on injection of adrenin directly into the blood stream or 
hypodermically and on obtaining thereby ‘dilation of the bronchioles, con- 
striction of the blood vessels, liberation of sugar from the liver, stoppage of 
gastro-intestinal functions, and other changes such as are characteristic of 
intense emotions” (355 f.), the subjects reported no specific emotions, but only 
feelings of being ‘‘on edge,” “keyed up.” Feelings ‘as if I had a great fright 
yet am calm,” etc., were also reported. These experiments, too, give no evidence 
against the theory in question in its generai aspect. That theory is that emo- 
tions are not some sort of mind stuff, sui generis, which produces the bodily 
changes, but that they are only our sensing of these changes as they occur. The 
specific contributions of Cannon’s excellent work, even to ascribing emotional 
reaction-patterns in considerable degree to a portion of the optic thalamus, are 
all modifications which James could well accept, and, indeed, would un- 
doubtedly accept if he had survived to the present. 

Cannon’s main weakness seems to be a sort of dualistic assumption that 
sensations, and probably feelings, as subjective experiences, are themselves 
causes of, or stimuli to, various instinctive and other activities. This is an error 
that James was working away from. But to what, if not to the physiological 
changes induced by stimuli (outer or inner), does Cannon ascribe emotions as 
felt experiences? Cannon’s reply would probably be that “the peculiar quality 
of the emotion is added to simple sensation when the thalamic processes are 
aroused” (p. 369). But is he willing to assert that even sensations are wholly 
conditioned by afferent impulses? 

It must, of course, be admitted that James did not know the importance in 
emotions of certain physiological changes in the thalamic region, though he 
did admit the existence of purely cerebral emotions. ‘‘We have then,” he said, 
“or some of us seem to have, genuinely cerebral forms of pleasure and dis- 
pleasure, apparently not agreeing in their mode of production with the ‘coarser’ 
emotions we have been analyzing” (Principles, II, p. 468). He probably erred 
in making these exceptions mainly “aesthetic emotions;” he was certainly 
wrong, if Cannon’s results hold, when he wrote the caption ‘‘No Special Brain- 


Centers for Emotions.” 
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Speech and Hearing. By Harvey Fuetcuer. New York, D. Van Nostrand 
Co., 1929. Pp. xv + 331. 

This volume summarizes and discusses experimental results obtained in the 
Bell Telephone Laboratories. The problems dealt with are chiefly those en- 
countered in engineering technique, and they are treated mainly as problems 
in physical science, rather than as problems of physiology or psychology. For 
instance, after a brief statement of the conflicting theories of speech-production 
—the harmonic theory advocated by Wheatstone and Helmholtz, and the in- 
harmonic theory of Willis and Hermann—one reads that ‘‘the difference in the 
two theories is not, as some suppose, a difference in the conception of what is 
going on while the vowel sounds are being produced, but in the method of re- 
presenting or describing the motions in definite physical terms. The second 
point of view enables one to visualize in a more direct way what is taking place 
and consequently is of greater value to the phonetician interested in the me- 
chanism of speech production. It probably enables one better to grasp the 
fundamental characteristic differences between the vowels. ... The first point 
of view is probably more useful to the engineer who is interested in designing 
telephone systems to properly transmit speech’ (p. 49). 

In discussing the mechanism of the ear in hearing the Helmholtz theory is 
accepted with slight modifications, such as the all-or-none nerve impulse, the 
dependence of loudness of sound upon the number of fibers stimulated, and the 
limitation of nerve impulses to 1000 per second. ‘‘Consequently when a pure 
tone having a frequency of 2000 or 3000 cycles excites the ear it is probable that 
the number of nervous impulses being sent to the brain per second by each 
nerve fiber is considerably less than the exciting frequency. This is a very im- 
portant fact, but up to the present no direct experimental evidence is available 
to determine the rapidity of the impulses being sent to the brain, when the 
auditory nerve is excited by tones of various pitch” (p. 129). In other words, 
the mechanism of sound production above 1000 cycles per second is unknown. 

The limits of audition are graphed with reference to low and high pitches 
of approximately 20 and 20000 cycles, and the thresholds of hearing for weak 
intensity, and of ‘feeling’—near pain—for strong intensity. Within this egg- 
shaped area of audibility some 2000 perceptible graduations of pitch, and 
various levels of loudness up to the ‘feeling’ threshold are mapped out. 

Experiments on the masking effects of tones of different pitch indicate that 
“a low tone will not obliterate to any degree a high tone far removed in fre- 
quency, except when the former is raised to very high intensities. Also a tone 
of higher frequency can easily obliterate a tone of lower frequency if the fre- 
quencies of the two tones are near together” (p. 170). 

The recognition of phase difference, which enables us to localize binaural 
sounds, is somewhat naively referred to ‘education:’ ‘‘Our experience with such 
sounds has given us an education so that we unconsciously know the way these 
changes take place as the source is moved into different positions. According 
to this view, it seems reasonable to expect that new complex sounds would be 
very much more difficult to locate than those with which we are ordinarily 
familiar” (p. 193). 
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A method of determining loss of hearing in sensation units of the area of 
hearing is described and graphically plotted on the normal area. The loudness 
of sounds is found to be related both to the intensity of the sound and to the 
pitch and sensation level at which the sound occurs. 

Recognition of pitch in musical sounds, when various partials, including the 
fundamental, have been eliminated, appears to be retained even when the first 
seven partials are gone. Any three consecutive components of the harmonic 
series 100, 200, 300 etc. are sufficient to give the pitch 100, while 200, 400, 600, 
800, 1000 will give the pitch 200. But 300, 600, 900 give separate tones in 
harmony. The combination of 100, 300, 500, 700, 900 does not give 200. Al- 
though the tone 200 is heard, the sound in general is that of a noise. “It is 
very probable,” writes the author, ‘‘that the relative positions of these regions 
of stimulation, due to the harmonics—either objective or subjective—are the 
real determiners of the pitch’ (p. 252). ‘‘When the four tones having the fre- 
quencies of 400, 500, 600 and 700 cycles per second act upon the ear, the im- 
pulses in the auditory nerve will be timed somewhat as follows. There will be 
certain fibers excited by the 400 cycle tone which will be firing every 4th 
vibration. Certain ones excited by the 500-cycle tone firing every 5th vibration, 
certain ones excited by the 600-cycle tone which will be firing every 6th vibra- 
tion and certain ones from the 700-cycle tone which will be firing every 7th 
vibration. These discharges will all unite to form impulses in the auditory 
nerve having a time interval of 0.01 second. Similarly a number of combina- 
tions will unite to give an impulse of 1/2, 1/3, 1/4, 1/5, 1/6 and 1/7 of this 
interval. There will be discharges at other time intervals, but the number of 
fibers causing them will be considerably less than the particular ones given 
above. It may be that the recognition of these time intervals by the brain aids 
in the recognition of pitch” (p. 254). 

Chapters follow on methods of recognizing speech sounds, and the varied 
effects of intensity, distortion of frequency, noise, and deafness. 

While the technical proficiency of the author’s apparatus and the expertness 
of his measurements are both admirable, this obviously onesided approach to 
the problem of speech and hearing makes one wonder if the sensory data may 
not have been in part created by the methods employed in their investigation. 
At least, it can be said that there are fewer psychologists today than there once 
were who are able to sanction the analysis of speech and hearing into such dis- 
crete units of sensation as appear in these results. 


Cornell University R. M. OapEen 


The Fundamentals of Human Motivation. By Lronarp T. TRoLAND. New 
York, D. Van Nostrand Co., 1928. Pp. xvi, 521. 


This book seeks to supply a deficiency in psychology books which has come 
about because of the peculiar circumstances under which experimental psycho- 
logy began. In that day either the higher ‘faculties’ or external stimulation, 
which might arouse various associations, were supposed to supply the drives 
to activity; and not for decades did motivation become a problem for special 
investigation. The author rightly holds that from one point of view the prob- 
lem of motivation involves all psychology, and in the present book he attempts 
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to give “a complete treatment of the problems and facts of motivation by the 
psycho-physiological method” (p. 3). The book contains no original experi- 
mental work on the problem; it is rather a theoretical presentation chiefly of 
different views that have been held in pre-scientific times, so far as psychology 
is concerned, mixed with a good deal of modern neuro-physiology, a large pro- 
portion of which is itself the author’s speculation. The author considers 
motivation from the standpoints of popular thought, of physiology, of intro- 
spection, and of what he calls ‘‘psycho-physiology.” He seems much concerned 
about the ‘“‘non-physical or mental factors,” and while he admits that “the 
common sense belief that the mind actually guides or energizes the body is al- 
most certainly erroneous” (p. 10), nevertheless he cannot rest content with 
what he calls purely materialistic explanations. ‘‘As a matter of fact, the 
problem of motivation can be stated without any actual reference to physio- 
logical factors or events. This is proven [sic!], very clearly, by a study of 
dreams”’ (p. 11) which, he holds, have little relation to anything going on in the 
nervous system. ‘Accordingly, the laws of the waking mind are to a large 
extent those of the material world, whereas the dream consciousness makes its 
own laws and molds the entire presentation to suit subjective tendencies’’ 
(ibid.). Quite the contrary can, of course, be maintained by any other dualist. 
These ‘“‘mental tendencies” are called desires, appetites, wishes, or wants. One 
reason for becoming so entangled with old dualistic views is the author’s ten- 
dency to consider seriously and attempt to harmonize all past and present views. 
He thus gets a combination that is probably not only not very palatable to 
many present day psychologists, but that fails to satisfy the inquiring mind 
concerning the cause of action and thinking. 

The general mechanisms of response and of reflexes, properties of reflex 
centers, etc. receive extensive and clear treatment. To match Sherrington’s 
nociceptive (prepotent) receptors he invents the term beneceptive reflexes, and 
these two terms are then made to do the duty of explaining the “stamping in” 
(beneceptors) and the “stamping out” (nociceptors), just as ‘pleasure’ and 
‘pain’ has for centuries done for the hedonists—and with as little real explana- 
tion value. The hypotheses based upon the operation of these systems are of 
such a nature as to be non-testable experimentally and therefore non-scientific. 
These mysteriously operating nociceptors and beneceptors, are so intermixed 
with excellent statements of automatic, reflex, and instinctive processes that 
even the informed reader must constantly be on his guard not to confound 
established fact with fancy. The result is that the reader who is not constantly 
asking “How?” finds the cloudy points, which are due to our still very great 
ignorance on many points of neural function, generally cleared up. This is 
satisfying only as long as he takes for granted the undemonstrated hypotheses. 

The various theories of learning are critically reviewed and likewise “‘cleared 
up.”” As with other theories considered, those of learning ‘all point to real 
aspects of the learning process,’’ but they nevertheless “all display a surprising 
blindness to a very simple explanation which the phenomena of learning by 
experience should suggest to anyone who is acquainted with the principles of 
modern neurology, as well as with the opinions of common sense” (p. 187). 
This simple explanation is that given by the author based upon the assumed 
functions of the ‘nociceptors’ and ‘beneceptors.’ If one assumes such me- 
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chanisms to do all the work of inhibition, facilitation, fixation, elimination, etc., 
and of other processes in learning that are not understood. He has the ‘explana- 
tion.’ It is strange, indeed, that all neurologists, physiologists, and psycholo- 
gists have overlooked this simple explanation! This simple process of explana- 
tion, of course, stands out brilliantly in contrast to ‘the majority of extant 
theories of the trial and error process of learning,” which, “suffer from a vague- 
ness which makes it difficult to comprehend them at all clearly’ (p. 198). 

In attempting to arrive at a clear notion as to how the “‘unsuccessful” acts 
in a learning process—those which are finally dropped off—are inhibited, the 
author regards inhibition as a process of lowering the conductance of nerve 
paths—presumably at the synapses—or of increasing resistance. This, he 
holds, ‘‘must be engineered by afferent rather than by efferent devices, since 
there is no ‘back-fire’ of the efferent system into the cortex” (p. 203). The 
proprioceptive impulses are here included with the afferent, of course. Now 
Troland by this assumption, that only afferent mechanisms are involved in 
inhibition (and in facilitation), finds an opportunity to put the operation of 
pleasure-pain factors on this afferent side and of giving these factors a real 
part in learning. The ‘law of effect’ is thus explained, and on the basis of the 
nociceptive and beneceptive mechanism. As in other cases, everything that 
has been proposed by anyone on learning—even by ‘common sense’—is saved. 
But again the critical reader fails to have his how answered. The only aid he 
gets is this “‘all that we have to assume is that the stimulation of nociceptive 
afferent channels reduces the conductances of the paths of cortical conduction 
which are operative at the moment, or have been operative over a limited 
prior interval; and that, on the other hand, the excitation of beneceptive 
channels will cause a corresponding increase in conductances. This hypothesis 
is very simple and involves no reference to the conscious phenomena” (p. 205). 

Indeed this is simple! A whole chapter then follows on “Nociception, 
Beneception and Retroflex Action.” Here the author suggests that we might 
define “a nociceptive sense channel as one, the normal excitation of which 
produces unpleasantness in consciousness,” and a beneceptive channel ‘as one 
whose operation is normally pleasant. But this definition is rejected, first, 
because this sort of “‘mental distinction” is not necessary, and, second, “‘be- 
cause it would logically prevent us from establishing a signficant correlation 
between the physiological and the psychological processes at a later point in 
our argument.’”’ He decides, therefore, to ‘pick out nociceptors and benecep- 
tors by a purely biological criterion and then show that their functions have a 
constant correlation with the affective life’ (p. 206). A nociceptive system is 
then defined “‘as one which responds specifically to stimuli that are injurious to 
the organism or the species,’ and a beneceptive system “as one which is es- 
pecially sensitive to beneficial stimuli.” These operations can apply only to 
average biological conditions. Exceptions to the rule under peculiar circum- 
stances are admitted. After a cataloguing of the nociceptive and the bene- 
ceptive systems (which on the whole is not a difficult thing to do as these are 
defined) the author takes up “retroflex action”—another new term. This 
term is chosen to suggest “a kind of ‘back-kick’ of organic effects into the 
cortex.”” When the cortex “by its principle of trial and error’ response 
initiates certain actual or incipient organic changes, these “are reported back 
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to the cortex via the beneceptive or nociceptive channels, and the excitations 
of these channels modify the cortical tendency. If the ‘report’ is beneceptive or 
favorable, the tendency in question is enhanced, whereas if it is nociceptive or 
unfavorable, the tendency is reduced” (p. 216). Surely we have here nothing 
but a multiplying of terms which are only assumed to do the things that we 
want to have explained. Any old-time faculty would serve as well for this 
sort of ‘explanation.’ These actions, we are informed, “can be regarded as 
being determined quite mechanistically, without reference to any accompanying 
pleasantness or unpleasantness, or any ‘intelligence’ on the part of the cortical 
processes.”’ On this basis several troublesome problems to psychologists—such 
as the one of how the burned child learns to avoid the candle—are readily 
‘solved.’ Even the ‘instincts,’ the Shand-McDougall sentiments, and the 
Freudian complex are readily ‘explained’ on this general principle. The 
conditioned reflex principle—which Troland properly says is novel only in the 
application of the old process of redintegration to purely physiological subject- 
matter—is then applied to the retroflex mechanism, a center in the thalamus 
being assumed to serve in a manner entirely analogous to a reflex center. ‘‘The 
path of nerve conduction in the case of a conditioned retroflex would thus be 
(1) secondary stimulus to cortex, (2) cortex to thalamus, (3) thalamus to 
cortex.”” The author assumes that in maze learning the entire maze-trip is 
represented in the cortex by a coherent associative mechanism, so that as a 
result of finding and eating the food by the rat the beneceptive retroflex pro- 
cesses will apply to the entire system of neural processes “leading from the last 
movement retroactively toward the first.’ This, of course, does not work in 
case a long route is at first learned and later abandoned for a shorter one. 
Why, indeed, should the blind alleys not become fixed by increased conductances 
in the neural tracts, as representative of parts of the true path? Many blind 
alleys are entered regularly for many trials in the early part of the learning, 
and thus are part of the course leading to the food. 

But these purely behavioristic accounts are nevertheless not satisfying to 
the author. His ‘beneceptors’ do not relate behaviorism to success! He does 
not, however, deny the possibility of purely objective or physiological explana- 
tions. Purely introspective accounts, on the other hand, he finds unsatis- 
factory, for ‘“‘we are apt to flounder in a slough of vague ideas after the fashion 
of most of the psychoanalysts;” so he elaborates a psychophysical account 
which again utilizes everything that has been suggested by anyone. Conscious- 
ness—‘not a subtle, diaphanous entity or process,’ but the totality of one’s 
experience at any moment—is correlated with activities going on in restricted 
areas of the cortex. Introspection, he says later, does not permit us to examine 
the entire psychical system, even though the conscious experience of an indivi- 
dual is more real than the conceptually developed physical system with which 
we explain one’s ‘psychical organism’ from the outside. This translation of a 
physical ‘‘into the corresponding, and true, psychical account, ’’gives the essence 
of the author’s psychical monism. In bringing out this view the author reveals 
why he has not been satisfied with the physiological explanation of behavior. 
He is really a panpsychist and his interests are philosophical rather than 
scientific, a fact which the reader does not have to go far into the book to find 
out. He is expounding a system of philosophy. On this view of psychical 


| 


BOOK REVIEWS 


331 


monism, we are told, “psychical agencies, such as sensations, perceptions, ideas, 
purposes, and affections, are causally effective in a full sense. They stand in 
the same relation to the general ‘psychical organism’ and universe as do the 
corresponding factors in the cortical synergy to the physical organism and 
universe... The real reactions, however, are not physiological or motor, but 
objective in the psychical sense’”’ (p. 501). 

A large part of the book is devoted to hedonism, with the faults, in the re- 
viewer’s opinion, that have been indicated in connection with ‘explanations’ of 
learning: we seem to fall back into an old-time method of explaining conduct, 
with some plausible suggestions, to be sure, but with a point of view that is not 
scientific, and that does not get at the basic causes of action, or of stimuli to 
action. Troland develops a hedonistic theory based on the assumption that 
rate of change in the conductances of relevent cortical conductors at any given 
moment of time is associated with the nature and degree of affective tone ex- 
perienced by the individual. Accelerating changes are assumed by him to be 
associated with pleasure; decelerating changes in conductance, with displeasure 
(or unpleasantness, the opposite of pleasantness, a negative value); and no 
change in conductance, with a neutral affective tone (zero value). This theory 
he develops mathematically and expounds very clearly. The hypothesis is 
interesting and may be true, but it is not verifiable; nor could it, even if verified, 
be taken to prove that consciousness is something apart from these conductance 
changes. The mere mathematics of the situation will be as well satisfied if 
‘consciousness’ is taken to be only any indication of these conductance changes; 
and so the mathematical treatment of the hypothesis proves nothing beyond the 
present limits of our ignorance; it only clarifies the (in this case) unverifiable 
hypothesis of the author, as he recognizes. Sensations and feeling states are 
not entities that take origin in themselves but must be traceable to changes 
brought about by physical stimuli. 

In the author’s system of philosophy “happiness would appear to be the 
dominant desideratum of all structures and changes whatsoever, being the 
principle whereby all psychical evolution is motivated. This might provide a 
definite mode of escape from hedonistic individualism, since the individual is a 
temporary creation of the psychical system at large [whatever that may mean], 
and is only one stage in the hierarchy of its affectively determined purposes or 
desires” (p. 502). Thus the scientific reader who started out with high hopes 
becomes lost in the by-ways of old subjective systems of philosophy, if not in- 
deed in “‘a slough of vague ideas,’’ and he wonders what was really the value of 
the long excursion through the hypothetical, physiological speculations. 


Prinzipien und Methoden der Kunstpsychologie. By Paut Puavt. Berlin, 
Urban & Schwarzberg, 1928. From Abderhalden’s Handbuch d. biol. Arbeits- 
methoden, VI. Methoden d. exper. Psychol., C, II, 745-966. 


In accordance with the general plan of the Handbuch, the present mono- 
graph gives ‘‘a survey of the most important psychological methods in so far as 
they are of service in illuminating the broad and often almost impenetrable 
realm of art.’”’? The work makes no claim to be either a complete exposition of 
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such methods, or a psychology of art complete in itself. After pointing out in 
the foreword the familiar fallacy of those who think by means of a determination 
of musical and other talent to predict artistic capacity, the author develops 
his exposition under the following captions. 

I. Introduction. Psychology as a limited, special method cannot pretend 
to grasp analytically the essence of art; it can merely select from a work of art 
and from the personality of the artist such elements of the problem as are 
accessible to its merely factual way of regarding matters. For the study of 
art, psychology is merely auxiliary to aesthetics and art knowledge in general; 
but the distinction between these disciplines, sociology, and psychology should 
not be drawn as sharply as is sometimes the case. 

II. The Psychology of the Artist. Here belong all methods concerned with 
the complete personality of the artist, but biography and autobiography are 
excluded from the methods of art psychology, inasmuch as they evaluate and 
are lacking in objectivity. Nevertheless the psychologist of art will make an 
objective use of the material furnished by the biographer for the auxiliary 
treatment of certain problems. On the other hand methods like those of 
characterology, psychoanalysis, individual psychology, and graphology deserve 
special discussion because of their systematic divergence from traditional 
psychology. The chief psychological method for the study of the artist is 
psychography which is differentiated from biography by its purely factual non- 
selective collecting of material. By means of the data brought together by 
psychography and autopsychography the structure of the artist’s personality 
may be determined. Under this head the methods of Stern, Heymans, Groos, 
Rutz, Reinhard, Waser, the Freudians, and that of Pannenborg (involving 
considerations of heredity, school life, biography, etc.) are mentioned, while 
the method of Margis receives a longer critical discussion. The sample auto- 
psychographic records furnished here by artists from various fields are of 
interest, not merely for the light they throw upon the creative processes in- 
volved but also for suggestions of a methodological nature involved in their 
consideration. In the discussion of the questionary of Alrutz concerning the 
experience of the actor, Plaut emphasizes the fact (of interest also to those 
using the method in any field) that “it is not advisable to bring up (in such 
questioning) detailed, involved problems and thus to confront the artist with 
difficulties which he will face only reluctantly, if indeed he does not utterly 
refuse to answer.’”’ If a certain freedom from limitations in answering is given, 
more fruitful results than were anticipated are often obtained. With respect 
to the problem raised by Lombroso, Moebius, and others, Plaut is of the opinion 
that attempts to trace the creative process to a specific somatic origin overlook 
the real problem involved, while he agrees with Miiller-Freienfels that it is 
equally incorrect to speak of a “‘pathological art.” In this connection he con- 
trasts the antithetical views of Jaspers and of Riese with respect to Van Gogh. 

III. Characterological Methods. In general agreement with the cautious 
attitude of Utitz, characterology is distinguished by Plaut from psychography 
by the fact that the former method is concerned, not with the mere assembling 
of as large a number of facts as possible, but rather with the determination of 
traits of character, Anlagen, etc., ‘‘which constitute the essence of the person- 
ality and are therefore not purely psychic phenomena.”’ Characterology forms 
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the preliminary method for a typology, such as is found in the work of Stern 
and Utitz. Here Plaut calls attention to the fact (noted by Miiller-Freienfels) 
that nearly all recent investigations in characterology have come from thinkers, 
like Spranger, Klages, Kerschensteiner, etc., who have felt themselves some- 
what at variance with traditional technical psychology. With respect to the 
graphological work of Klages and others (which attempts to determine traits 
of personality through the study of handwriting) Plaut finds the methodology 
in an undeveloped state of limited value for the psychology of art, although he 
admits that it is the merit of Klages to have shown that the determination of 
personality “can not belong to the realm of traditional technical psychology.” 
The psychoanalytic method, and the individual psychology of Adler, the last 
discussed in this group, are thought by Plaut to have some value as auxiliary 
methods, but he has little sympathy with the narrow dogmatism and aberrations 
of the school. 

IV. Methods of Applied Psychology. Here are discussed the methods for 
investigating such problems as memory, talent, and aesthetic sensibility. 
Recognizing clearly the problematical nature of talent in general and the doubt- 
ful significance of experimental investigations of children for the determination 
of artistic capacity (which includes in any case more than mere talent), Plaut 
regards the problem of the musical individual as an unsolved one, and notes 
also many divergent attempts to formulate the concept. He quotes Pear to the 
effect that the difference between musical and unmusical persons is only one of 
degree. Completion tests in melody, and experiments in memorizing music 
are the next subjects treated in this section. The Lesemethode, or musical 
practice through reading has an advantage over the Spielmethode or practice 
on the instrument. A discussion of the methods used for the determination 
of aesthetic appreciation in children and adults, followed by an exposition of 
those used in the study of creative activity in literature and drawing is the 
last one in this group. 

V. Musical Experience as a Psychophysical Problem. Under this caption 
is included a survey of all methods concerned with the correlation of musical 
experience and its physiological conditions, with especial reference to the 
significant results of Roemer, and of Huber (which are discussed in some detail) 
together with studies of motor phenomena and musical therapy (Baerwald, 
Singer, Hessge). 

VI. The Ethno-Psychological and Sociological View of Art. Under the 
first part of the caption is given an outline of methods for the study of art with 
primitive peoples. The sociological method, which the author in agreement 
with Miiller-Freienfels regards, not as an independent method, but merely as 
the attempt to study art in connection with the psychological tendencies of a 
given epoch as a cultural phenomenon having a specific epochal character, 
occupies the closing pages of the work. 


The discussions of the book are throughout succinct and clear, the material 
is well organized, and the work is in general comprehensive and of fundamental 
importance for students of the psychology of art. 


Vanderbilt University HERBERT SANBORN 
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Aptitude Testing. By Cuarx L. Hutu. Yonkers, World Book Co., 1928. 
Pp. xiv, 535- 

This book seeks to present two of the essentials of training for aptitude 
testing: an account of the fundamental principles involved, and a clear and in- 
telligible description of the most effective and economical methods of con- 
structing batteries of aptitude tests. It is the product of years of experience 
by the author in this particular field of psychology. 

After making a brief survey of the early developments in testing, defining 
clearly and illustrating the meaning of such terms as ‘individual differences,’ 
‘trait differences,’ ‘work-limit,’ and ‘time-limit’ methods, and describing 
different kinds of tests and devices for their application, the author takes up the 
question of anatomical and other alleged ‘signs’ of aptitude. An aptitude 
sign is defined as simply a more or less reliable indicator of aptitude behavior, 
not a sample of it as is an aptitude test. Physiognomy, an ancient claimant for 
recognition as an anatomical sign of character and aptitude, is considered. The 
validity of character judgments based on photographs is challenged, the results 
of certain unpublished master’s theses by the author’s students being offered 
as additional evidence. It is also shown that viewing the subjects in three 
dimensions, as exhibited on a stage, has no special advantage over the mere 
showing of photographs. Objective data likewise give little encouragement to 
beliefs that complexion or physiognomy are revealers of character traits, 
though certain head-measures do offer slight correlations with university 
grades. A combination of these by multiple correlation methods have a cor- 
relation as high as 0.50. Academic scores showed little relation to height or 
weight, or to Kretschmer’s physical types (asthenic, athletic, and pyknic), and 
there was scant evidence among normal subjects of an association of his cycloid 
temperament (manic-depressive) with the pyknic type, or of his schizoid, non- 
aggressive temperament with the asthenic type. Moreover, for Naccarati’s 
theory—that persons who in the early 20’s are relatively slender have greater 
intellectual capacity than those more stocky in build, particularly in the trunk 
region—little evidence is found. The claims for chirognamy (hand-reading) 
and chiromancy (palm-reading) as revealers of character traits are shown to 
be ill-founded, and handwriting fares very little, if any, better. 

Different methods of aptitude prognosis from raw test-data—letter scales, 
percentiles, 1.9., s.D. units of deviation from the mean, T-scores, etc.—are 
considered, as well as means of converting such scores into data which reveal 
aptitude possibilities. Of these means the multiple regression equation is found 
to be the only really adequate procedure. The technique of this method is 
briefly and simply explained. The author estimates, after some calculations and 
discussion, that the respective contributions toward success of (1) capacity 
or ability (presumable innate), (2) industry or ‘willingness,’ and (3) chance or 
accident are in this order approximately 50, 35, and 15%. This is given as a 
mere estimate and we do not need to stop to consider its probable accuracy, or 
even the meaning of each of these factors. Incidentally it may be mentioned 
that by an accident of inversion 1.8426 is given in the note on page 170 instead 
of 1.4826 as the ratio of ¢ to P.B. 

Unusually clear and short presentations of the extreme general-factor and 
the extreme individual-factor theory of intelligence, as well as of the inter- 
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mediate (Thomson) theory of a combination of group and specific factors, are 
given. These are illustrated in tabular distributions which show by a check- 
method mere presence or absence of certain factors (or ‘determiners’), whether 
specific or general, in various assumed aptitudes, A, B, C, D, etc. The method 
is admittedly a rough one, in as much as it must assume each determiner to be 
specific and either present or absent in a sort of all-or-none fashion, and also 
to remain constant in the individual in different situations and through suc- 
cessive stages of development. It seemingly must likewise assume a constancy 
of determiners as we pass from one individual to another. As a result of this 
the general exposition gives an impression of an individual as a mere sum of 
factors so far as intelligence and aptitudes are concerned, a sort of quantita- 
tive, composite view of intelligence. 

This is, of course, a rather general fault of our present-day mathematical 
methods in psychology and education: our zs, ys, etc. are assumed to represent 
certain aspects of mental functioning, and these aspects must therefore be 
constants even in vastly different combinations of organic mechanisms—an 
obvious absurdity from the biological standpoint, which we are forced more and 
more by the actual facts of behavior to recognize, though not from the older 
conception of mind as composed of arbitrary and disparate faculties. The 
effect upon the lay reader, however, of this tabular representation of factors 
or determiners is that he gets a very much clearer understanding of the dif- 
ferent theories of intelligence and of their general implications than he can 
probably get from any other book now available to him. In most textbooks 
this situation is found to some extent: in order to clarify the exposition for 
the initiates we so simplify the situation that it becomes really untrue as repre- 
sentative of the bit of reality we try to study. All calculations of ‘practical 
judgment,’ ‘arithmetical ability,’ ‘facility in the use of language,’ or what not, 
are subject to this same criticism. These are not constant entities under dif- 
ferent situations for the same individual or even in similar situations for differ- 
ent individuals despite the fact that they are measured in terms of the units of 
certain ‘objective’ tests. These difficulties with over-simplification of text-book 
expositions are, of course, clear enough to the author, whose broad, practical 
experiences in the field of aptitude testing are so well reflected in the book as to 
make it an excellent outline for class-room purposes. The student can hardly 
miss being influenced by the fine enthusiasm of the author for research, as 
reflected in such statements as this: ‘‘One of the most fascinating problems in 
the world is that concerning the ultimate causes of human success and failure” 
(p. 184). 

Chiefly because of lack of space, evidently, Spearman’s later developments 
in his theory are not well brought out, but it is indicated that this theory is 
not now strictly a two-factor theory as in the earlier statements. It is briefly 
mentioned that both the recent empirical facts and the mathematical develop- 
ments bearing upon the nature of intelligence are tending toward a position 
between the extreme theories, which recognizes the existence of a number of 
overlapping ‘group’ factors which are found in various related mental functions 
and are possessed of different degrees of generality. Strictly special factors are 
finding little support. It is also pointed out that Thorndike’s view regarding 
the existence of a mechanical, a social, and an abstract type of intelligence has 
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not found much support in research. The author brings out the fact that 
neither of the extreme theories offers any basis for real aptitude prediction, 
and he offers his own theory, which agrees with Godfrey Thomson’s in rejecting 
a strictly universal factor running through all human activities, and which, in 
opposition to either of the three theories mentioned, rejects all specific or really 
unique factors. This theory also does not limit the more general to strictly 
“intellectual” factors—whatever they may be. 

The so-called normality of distribution of mental traits is probably assumed 
too uncritically throughout the book. In calculating from the various data the 
degree of variation in abilities, moreover, no allowance is made for the fact that 
actually obtained distributions on a single test are too wide and that they must 
be corrected for chance factors. The ratios of poorest to best scores, as shown, 
for instance, on p. 33, are therefore misleading, as are also conclusions drawn 
from them. There is consequently too strong a tendency to take as indicative 
of aptitude differences the differences found in obtained scores, and to neglect 
effects on scores of training and of environment generally. Reliability measures 
of obtained individual aptitude-scores are probably not considered adequately. 
These omissions are presumably in the interest of clearness and simplicity of 
treatment, but they tend to develop in uncritical readers certain erroneous 
conceptions which should be avoided as much as possible. It must be added 
here, however, that the limitations of accurate prediction of success by means of 
multiple regression equations are clearly and graphically presented. 

The last 250 pages of the book are devoted to descriptions and illustrations 
of scientific methods by which batteries of aptitude tests are constructed, and 
to various helpful devices in scoring and handling data. In four appendices 
are given tables for the converting of ranks into linear s.pD. scores for numbers 
as high as fifty, for finding the values of 1 — r*, and ~/1 —r, and tables of 
squares and square roots of numbers to 1000, and of multiples to 100 X 100. 

J. P. 


Henri Bergson. By Jacques CHEvauierR. Translated by Lillian A. Clare. 
New York, The Macmillan Co., 1928. Pp. xxi, 351. 

Chevalier’s work consists of a reworking and translation of his lectures on 
Bergson at the University of Grenoble. Its aim is to give guidance to the 
further intelligent study of the philospher, and to record the appraisal of a 
master by his very ardent disciple. The topics selected for treatment in suc- 
cessive chapters do not pretend to be exhaustive; yet they give an adequate 
view. They are: The Milieu and the Period; The Man and the Work; The 
Method; Intuition and the Philosophical Mind; The Immediate Data of Con- 
sciousness; Matter and Memory; Evolution and Creation; The Trend of Berg- 
sonian Thought. Of these the third and fourth chapters, and possibly the 
fifth, are of importance to psychologists. 

The defects of the book appear first and consequently it is simpler to treat 
them first. It would be advisable for the reader who wishes to get the very 
genuine benefits of the chapters recommended above to skip the first two 
chapters of the book, because they fail in the first requisite of philosophical, 
or even quasi-philosophical, exposition. They lack judicial calmness, dis- 
passionate detachment, and cast an unmerited suspicion on the soundness of 
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that part of the book which treates of Bergson’s philosophy proper. This 
unhappy emotional fervor is the result of two facts: first, the author is the 
pupil, friend, and admirer of Bergson, and second the text has not been suf- 
ficiently reworked to eliminate the savor of a vivid lecturer, speaking to for- 
eigners in a holiday course, who aims to exalt not only Bergson the philosopher 
but also Bergson the Frenchman. One can understand and endure, although 
not necessarily respond to, the pupil’s enthusiasm for the master. But what 
one cannot help finding distasteful is the deliberate emphasis on the 
alleged purely Gallic character of Bergson’s philosophy. Why, even if Bergson’s 
philosophy were untouched by foreign influences, this purity should be com- 
mendable, is not made clear; nor is it altogether clear why the praise of this 
purity should be couched in terms so chauvinistic and so anti-German as to 
appear revolting to common sense and foreign to the philosophical attitude 
which presumably is unconcerned with nationalism. Chevalier has thought it 
necessary to make Bergson, even as a philosopher, a good Frenchman first. 
To him, Bergson has heroically liberated French thought from the trammels of 
odious German philosophy even as Foch liberated the land from the invader; 
and to have bothered with Kant was to have been guilty of high treason. Such 
a manner of garnishing the subject may have been suitable to foreigners who 
are frequently more French than the French, but it is ill-advised in a book 
which is designed for scholarly use. There is still another reason for objecting 
to the parochial attitude of such treatment, and that is that neither in his 
roots in the past nor ramifications in the present is Bergson so purely French as 
Chevalier would like to have us think. If the author had taken the trouble to 
read Thomas Brown, the Edinburgh philospher of the early nineteenth century, 
and Bain, he would have found explicitly much and implicitily even more of 
what appears in Bergson. Furthermore, if he can so far surmount his distaste 
for things German, as to become familiar with the doctrine of Gestalt psy- 
chology, he will see that the same tendency that has produced a Bergson in 
France has produced a Scheler, a Kéhler, and a Wertheimer in Germany. Far 
from being purely French, Bergson’s intuitionism, for example, finds, if Cheva- 
lier were only aware oi it, its strongest scientific experimental support in the 
work of such German psychologists as Wertheimer, Kéhler, and Gelb. Phil- 
osophers and scientists plow in many fields, and here we have an instance of the 
danger of attempting to confine a philosopher, even with his own consent, 
within narrow nationalistic limits. 

It is a pleasure to call attention to the third and fourth chapters which 
contain much of value to the psychologist, for here, particularly if he is inter- 
ested in the Gestalt doctrine, he will find a broad speculative field in which to 
arrange the experimental findings of Gestalt laboratory work. The usefulness 
of these chapters lies in the fact that they are a condensed summary of a variety 
of articles which Bergson has scattered in a number of philosophical periodicals 
over a term of years, and they have not been too greatly refracted in passing 
through the medium of the author’s mind. In selecting and compressing, he 
has naturally permitted his affinitive memory to retain that which is in pro- 
found accord with itself; but as the two men are entirely in intellectual sym- 
pathy, it is probable that the spirit of these articles is rendered in its entirety 
and with its own atmosphere. 
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In the third chapter, the one on method, the basic consideration is that the 
concept of time must be liberated from the debasing and distorting influence of 
mechanistic philosophy which has brought it into contact with space. True 
movement and real duration must be isolated from space. By intuition first 
and later by more demonstrable data Bergson was able to show the opposition 
between spatial time and duration, or rather the contradiction in duration 
represented spatially. This duration, Bergson insists, is intuitively felt as 
the representation of many reciprocal penetrations and pervasions, altogether 
different from the numerical multiplicity of space. Or put differently, duration 
is qualitatively basic and independent of all other facts of experience, just as 
the color red. What Bergson finds objectionable in mathematical-science is 
that it reduces movement to something other than itself and substitutes for 
real duration, the stuff movement is made of, a symbolic image derived from 
extension in space. Thus it measures movement by bringing it to a standstill, 
as it analyzes life by killing it. The observing consciousness, differing in this 
respect from mechanistic science, captures movement in itself, in its inner 
reality, by ignoring the spatial symbols interposed between reality and our- 
selves. The principle upon which this is based is that one’s intuition of an 
event or fact is as real as the results of deliberate analysis, and that intuition is 
the proper basis for apprehending life and movement and duration, while 
analysis is the proper one for representing that which can be treated mechanis- 
tically, namely the inert, the inorganic. Clearly for the psychologist familar 
with Gestalt doctrine this view involves no difficulties. 

The fourth chapter, dealing with the immediate data of consciousness, de- 
velops the theorem that intuition is not short of intelligence but ahead of it, 
intelligence being understood as the process involved in analytical operations 
such as mathematics. Bergson insists upon the superiority of intuition, or 
the immediate data of consciousness, because all philosophy, whatever it may 
be, must start from these data. They are immediate and direct, seizable at a 
glance by intuition, without the middle term which, as Aristotle would say, 
analytical thought always and necessarily makes use of, and consequently 
freed as far as possible from all that does not proceed from the object itself. 

The remaining chapters, while interesting to the philospher, would probably 
have less interest for the psychologist. Being purely speculative constructions 
with little or no opportunity for the application of the experimental data of 
psychology, they have less value than the third and fourth. 

University of Louisville FREEMAN 


Crossroads in the Mind of Man: A Study of Differentiable Mental Abilities. 
By Truman L. Ketiey. Stanford University, Stanford Univ. Press, 1928. 
Pp. vii, 238. 

This is a highly technical treatment characterized not so much by inves- 
tigating differentiable mental abilities as by exploring the possibilities and 
extent of such differentiation, but it makes important contributions in Loth 
respects. The experimental psychologist will demand more evidence than the 
present statistical treatment affords before he will concede that the ‘abilities’ 
here dealt with are separable, rather constant and objective entities and that 
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they are not merely relative to the particular tests and data here used; and he 
will demand that additional evidence must be experimental, based on addi- 
tional subjects and tests in rather different circumstances. The author himself 
recognizes his contribution to technique as of more importance than the specific 
findings of this investigation, as to which traits are differentiable, but he does 
not regard his contributions as to possible differentiable traits as being unim- 
portant. 

The first chapter is entitled The Boundaries of Mental Life and the Tech- 
nique of Their Investigation, and involves the author’s own valuable statistical 
contributions of more than a decade as well as the work of those who have 
stimulated him. The corroboration of certain of the author’s own results, 
which he finds in Spearman’s The Abilities of Men (1927), must not be taken 
too readily as evidence of objective validity without due consideration by later 
critics of the somewhat similar elements of technique involved in part of Kel- 
ley’s work, especially since the main contribution is one of method of procedure 
(largely statistical) rather than objective experimental data. This statement 
does not in any sense imply that the technique is to an appreciable extent 
faulty. That is a question to be decided by additional experimental work. 

In measuring any alleged ability the first step is to find out just what we 
are measuring and to isolate its occurrence from all such variables as age, 
specific training including certain ‘sets,’ general mentality, present social in- 
fluences, etc. none of which is a constant physical entity. Even age, for ex- 
ample, is but a statement that certain changes have gone on for so many years, 
but these changes of growth are neither constant through the various periods 
of the same individual nor in different individuals at the same age, and therefore 
controlling age (as time lived) may not give the desired homogeneity as to 
degree of development. One danger in a study like the present one is to name 
and define some conceivable independently functioning process or trait and 
then to build up calculations on the assumption that it is as constant as the 
name or symbol by which it is designated. Kelley’s method of iteration will 
doubtless tend to safeguard against this danger of error. 

Verification by several wholly independent workers is the next step con- 
fronting any such isolation of a trait or traits. This is not usually an easy 
matter because any specific result is so set in (or relative to) various peculiar 
and more or less fortuitous circumstances as to make it extremely difficult, 
even by results of numerous such tests or measurements, to establish the 
objectivity and universality of the data secured. Here is, of course, the op- 
portunity for statistics to come into play, and any contributions toward safe 
methods of bringing together mathematically these various elements in the 
different test-situations and of forcing them to yield up their consistency and 
independence of any particular circumstance may be as valuable finally as 
they may have to be tentative now. One gets the impression in going over the 
statistical parts of the present book that there are often rather too many in- 
determinate factors to establish the uniqueness of any result now, in view of 
the probable error-limits of the measurements by the tests on which the ca- 
culations are based. 

There has been much discussion as to the validity of Spearman’s criteria 
for the test of his two-factor theory and as to whether the general factor, g, 


BOOK REVIEWS 


340 


would not vanish if absolute homogeneity with respect to age, race or family 
strains, practice, sex, etc. were maintained. Not only have certain authorities 
held that several overlapping group factors might meet the criteria as to the 
existence of this g-factor and a number of specific factors, but even Spearman’s 
logic as to his theory has had to yield somewhat on rather slim empirical evi- 
dence (as supplied by him) to the probability of at least two other general 
cognitive factors—‘oscillation’ and ‘perseveration’—as well as of a number of 
group factors like ‘memory,’ ‘space factor,’ ‘conjugation factor,’ which Kelley 
thinks is probably identical with his own derived ‘number factor,’ ‘conative 
factor,’ and others. Spearman’s tools seem to be found somewhat inadequate 
by Kelley in his own more empirical procedure. Kelly is not inclined to arrange 
tests so as to give results in hierarchical systems or to avoid getting over- 
lappings. There is no doubt, moreover, that the method of partialing out the 
g-factor, or any other assumed general factor, as has been done, by partial 
correlation procedures is based on too many contingencies operating succes- 
sively in the calculations as well as on errors in assumptions of constancy in 
certain of these factors, to be taken with the same confidence that results 
by experimentally controlled procedures would warrant. For instance, holding 
the age-factor constant by such procedures is a most unwise thing to do. 
Kelley has avoided such methods here. 

Despite certain shortcomings of the tools used by Spearman, Kelley be- 
lieves that this pioneer in statistical methods has used these tools ‘“‘with rare 
judgment and has determined the existence of many important mental factors’’ 
(p. 15). Kelley has extended the Spearman technique of tetrad differences 
which he holds is the only alternative to the introspective method (p. 7) in 
dealing with “purely mental phenomena” (whatever these may be), and he has 
gone beyond this technique and has stated (and worked out proofs of) a number 
of basic ‘propositions’ relating to the possible presence in certain given tests of 
one or more underlying traits, whether general or specific. In addition to 
this he has also derived certain much needed formula for probable errors. The 
equations supporting these propositions may not be wholly conclusive yet, 
but this remains to be found out. Kelley does not recognize such incon- 
clusiveness here, though he does in the case of his iteration method, to be 
considered in the next paragraph. He invites, however, both mathematical 
and empirical tests of them. On the mathematical side it may be questioned 
whether the solutions by this technique can be made unique. There may be too 
many interdependent circumstances for the equations to yield definite solutions, 
even if we assume absolute reliability on the part of the tests used. Kelley has 
acknowledged that his important Proposition 15, isin error (J. Gen. Psychol., 2, 
1929, 169 ff.). The work of developing these tentative equations seems, however, 
to be of much importance as a contribution toward a method of future research 
into the nature of human abilities and their determination. 

Kelley next proceeds by quite a different technique to develop special 
methods. Taking data from as many as nine different tests—reading (speed 
and power), arithmetic (speed and power), memory (of words, numbers, both 
meaningful and meaningless symbols), and space relations (power)—on 140 
seventh-grade and on 110 third-grade children, besides other tests on kinder- 
garten children, all yielding no appreciable sex-differences, he finds by an 
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empirical iteration method six general factors or traits and nine special chance 
and non-chance factors as follows: (a) general—one factor that is some function 
of heterogeneity, maturity, race, sex, etc., and besides this a verbal, a number, 
memory, a spatial, and a speed factor; (b) special factors—x:, x2. . . . Xp». 
These he tabulates with the general factors in columns and the tests and special 
factors in rows, and in the ‘cells’ common to pairs of general factors and tests 
he makes first preliminary and finally (by the method of least squares) more 
exact estimates of the standard deviations required to account for the respective 
correlations yielded. These estimates are then compared with actually ob- 
tained reliabilities in an attempt to interpret the obtained correlations in terms 
of ‘bonds’ between the different pairs of variables. A comparison of the 
correlations actually obtained with those which would result from the presence 
of such factors as were tentatively worked out earlier shows an agreement so 
“decidedly great’’ as to be promising for the method. The agreements of factors 
found in the ‘populations’ already mentioned (kindergarten and third and 
seventh grades) is also rather close. The author, on the basis of these com- 
parisons of results from the three different ‘populations,’ concludes: ‘‘That the 
following traits, (1) facility with verbal material, (2) manipulation of spatial 
relationships, (3) memory, are independent categories of mental life from a 
very early age (probably from birth) seems hardly open to question. The 
sensing and retention of geometric forms should probably also be included in 
this list, also a number factor, because of its indubitable presence in the third- 
and seventh-grade populations, for it should be recalled that no test for this 
factor was made in the case of the kindergrarten group” (p. 149). It can, of 
course, be maintained that this empiral procedure is hardly determinative even 
after very great amounts of work with different tests on various subjects, be- 
cause one can never be quite sure of having the arrangement that will yield 
the very best fit. Kelley so admits. 

The book is not most happily written from the standpoint of ease of under- 
standing, especially in view of the fact that a large percentage of psychologists 
are not well trained in abstruse statistical calculations. But the reader must 
appreciate the impossibility of presenting full data along with discussion as it 
advances. The reader must often turn ahead of his reading for the illustrative 
data. In a number of cases the procedures followed and the intermediate 
steps are not fully given, and the reader is asked to “take on faith the steps 
followed in securing the initial factor values for this seventh-grade population 
of 140 and to judge of the general possibility of securing such values by studying 
the procedure of the later chapters” (p. 99). Any sympathetic reader will 
readily imagine the immense difficulties connected with the presentation to 
psychologists with their present degree of neglect of statistical training a piece 
of work of this character, although he will also recognize the need of getting the 
essential procedures and criteria of testing somehow “‘put across” to the body 
of more empirical and less statistical experimentalists, so that they may not 
only try out the procedures but use them either as they are or as finally modified 
toward the building up of a body of established facts about intelligence and 
individual traits. This book must be regarded as presenting a piece of pioneer- 
ing work of major importance to psychologists, first as to methods of procedure 
in researches in this field and second as to results obtained. 
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Comparative Neurology: a Manual and Teat for the Study of the Nervous 
System of Vertebrates. By James W. Parez. New York, Thomas W. Crowell 
Co., 1929. Pp. xxv, 518. 

This volume is a valuable reference work for the physiological psychologist. 
The book is divided into three major sections. Part I contains a consideration 
of the gross structure of the brains of mammals. In this section the cerebrum, 
cerebellum, brain stem, medulla, thalamus, spinal cord, and related parts are 
considered as they appear in the lower mammals, in the cat, the dog, and the 
primates. Part II contains a consideration of the microscopic structure of the 
mammalian nervous system. Among the important topics treated in this 
section are the sensory endings, nerve trunks, fine anatomy of the cord, the 
sympathetic system, the internal structure of the various parts. of the brain, 
the reflex arc, and functions of the cortex. Part III contains a consideration of 
the brains of the lower vertebrates. The brains of reptiles, birds, amphibia, 
fishes, cyclostomes, and of Amphioxus are considered. The volume ends with a 
treatment of the phylogeny of the forebrain. 

The volume is in many ways an admirable piece of work. The exposition 
is clear, many important references are given to fundamental papers, and the 
diagrams, many of them original, are models of their kind. The book, however, 
suffers from one inadequacy. Like many other treatises upon the nervous 
system it is satisfactory in general in its treatment of the structure of the 
system, but it leaves much to be desired in its treatment of the function of the 
nervous system. More space is given to the tergamentum of fishes than to 
the nature of the nervous impulse. Limitations of space and of interest may 
well lead to a lack of emphasis on function, but if references to function are 
included at all, an effort should be made to make them of the same scientific 
validity as the rest of the work. This is not the case in the present volume. Par- 
ticularly in regard to the vocabulary used in the treatment of the functions of 
the cerebral cortex is this inadequacy apparent. The author makes little dis- 
tinction between words descriptive of the external physical stimulus, the 
physiological fact of the operation of the response mechanism, and the ter- 
minology of introspective psychology. A few examples may make this point 
clear. “This system of spino-thalamic fibers conducts cerebralward the 
impulses of pain, heat, and cold” (p. 177). ‘That is, psychic activity, though it 
normally involves both hemispheres, is not essentially bilateral” (p. 358). 
“This means that the various tracts of deep sensibility which bring in sensations 
from the various regions of the body have each a definite locus of termination 
in the post-central gyrus” (p. 364). The use of the word sensation in the above 
sentence is not clear, particularly when we note that a few pages further on the 
word stimulus is used in the following manner: “These studies have thrown 
direct light on the analysis of different stimuli in the cortex and the associa- 
tions that may occur between them under definite conditions as well as cortical 
inhibition” (p. 375). As part of the syndrome of zone D of the cortex we are 
told, “Intelligence is diminished” (p. 373). Similarly in the consideration of 
ideokinetic apraxia the assertion is made that “simple movements are well 
performed except when patient wills to do them” (p. 374). 

It seems to the reviewer that the time is ripe for the neurologist to acquaint 
himself with the accepted meaning of terms in psychology, and the known 
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facts of psychology when he essays to write upon matters concerning mental 
life. Strange as it may seem the psychologist is in general more scrupulous 
in his use of the neurological facts than is the neurologist in his use of psy- 
chological facts. 

Brown University LEONARD CARMICHAEL 


Une psychologie objective est-elle possible? By E. Auaier. Paris, Félix 
Alcan, 1928. Pp. 290. 


In the earlier part of his book Augier criticizes the older, subjective, intro- 
spective psychologists who are at present, he says, the predominating group. 
Psychology under their guidance has come to a state of stagnation (p. 13). 
Reducing his criticism to its simplest terms it will be seen that most of the 
faults he imputes to them are connected with a single larger fault; their failure, 
due perhaps to a lack of training in the sciences, to adopt a clear conception of 
science. They have not regarded the individual in the scientific biological 
sense as an organism set in time and space, constantly changing with the 
changes about it, constantly renewing its very tissue; but they have regarded 
him in a peculiar way, as something invariable in time and space (p. 61, 70), as 
the abstract ‘I’ who has sensations, images and the like. The older psycholo- 
gists did not say, ‘I see,’ as though the ‘I’ were doing something, were under- 
going a change which the biological psychologist could study in its spatial and 
temporal relationships; but they said, “I have a sensation,” and then they 
studied the sensation and not the individual (p. 79-80). Thus these sensations, 
images and the like, in being studied, are detached from the changes in the 
individual, from the world of time and space, and are associated with this ab- 
stract, unchanging ‘I’. The subject-matter of psychology in thus being sepa- 
rated from the world of time and space becomes separated from the other 
sciences, loses contact with them and therefore lacks the aid which such con- 
tact could bring. 

But Augier’s criticism of the older psychologists, harsh as it may seem, does 
not amount to a complete repudiation of them. Just as they, he accepts 
consciousness as the principle source of information (p. 14); and he proposes 
also to investigate consciousness by the introspective method. But his intro- 
spection, he believes, will in one important respect be different from theirs. 
Whereas they simply reported the results of their investigations in the sub- 
jective language of sensations, images and the like, he will, in investigating a 
conscious experience, seek to discover what is happening physiologically, and 
to report his results in objective terms, that is, terms involving the elements 
of time and space (p. 32), in physiological terms. 

In the second part of his book the author illustrates his method by the 
study, as in the case of admiration, of emotions, sensation, image, memory, 
intelligent act, abstraction, pleasure, pain, desire, and a few other conscious 
elements. His results are not startling. He finds that fear is essentially the 
excitation of the motor reflex arcs used in running, anger the reflex arcs used in 
attacking; in both cases the excitation does not result in the complete action of 
the external muscles (p. 130-133). In most of his explanations, using many 
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neurological hypotheses, he simply gives us the most plausible explanation he 
can of what is happening physiologically when we are having those conscious 
experiences. 

The author attempts to describe the conscious aspect of the individual in 
terms of the physiological aspect of the same individual, that is, he attempts to 
describe the individual in terms of himself, not in terms of his relation to his 
environment. Thus, despite his repudiation of the old conception of an isolated 
individual, he has not broken free from the influence of that conception. 

Despite certain of his progressive attitudes, his dissatisfaction with the 
older psychology, his insistence that any science must primarily serve life, his 
assumption that a human being is understandable in physical terms, his attempt 
to incorporate psychology into the rest of science—despite these attitudes— 
Mr. Augier has failed to break with the past. His is still a psychology of the 
armchair—only within easy reach is a textbook on physiology. 


Ohio State University ALBERT P. Weiss 


Morton Prince and Abnormal Psychology. By W. S. Taytor. New York, 
D. Appleton and Co., 1928. Pp. 137, 1 pl. 

In this brief volume the author attempts to synthesize, interpret, criticize, 
and supplement the contributions of the late Morton Prince in the fertile but 
poorly cultivated fields of abnormal psychology. 

Impelled by the belief that Dr. Prince has been inadequately pictured as 
‘*(1) ‘a dissociationist,’ (2) whose views are ‘not dynamic,’ but (3) who marks a 
‘significant step in the development of abnormal psychology,’ and (4) whose 
findings are still very important in a specific and rarely met type of hysteria 
called multiple personality,’’ Taylor comes to his defence and bases his book 
upon “Morton Prince’s considerable body of writings; upon observations of 
students’ reactions to his formulations and to other authors’ points of view; 
upon various investigations of functional abnormalities in the light of these 
views; and, especially, upon recent and detailed discussions with Dr. Prince 
himself.” 

The fact that Dr. Prince, in the flesh, has gone makes this work all the more 
valuable. His students, of Professor Taylor’s calibre, have been too few. But 
his brilliant hypotheses, his wide and accurate observations, and his hopes for 
abnormal psychology, all conspire to make a synthesis of this sort difficult. 
Of Prince, as of few men, can it be said that his abnormal psychology was not 
handicapped by a lack of first-hand acquaintance with the abnormal nor yet 
by a failure to understand or a prejudice against scientific psychology. Hence, 
whether or not Taylor’s efforts are too much influenced by his own inter- 
pretations, and whether or not Prince’s brilliancy was accompanied by such 
inconsistencies as make synthesis impossible, the fact remains that this work 
sets out to do what must be done for abnormal psychology. 

The principle virtue of this work lies in its potential stimulative value to the 
psychologist, well grounded in scientific psychology and widely acquainted with 
abnormality, who will do for himself what Taylor has tried to do for Prince— 
i.e. construct a coherent, useful, and respectable system of abnormal psychology. 


State Department Institutions and Agencies J. Q. HoLsoprLe 
Trenton, N. J. 


